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STUDY  OF  THE  CROP-SAC  WEIGHT  METHOD 
FOR  PROLACTIN  ASSAY^  . 

S.  R.  HALL 

From  the  Division  of  Nutrition  and  Physiology,  Bureau  of  Dairy  Industry, 
Agricultural  Research  Administration,  United  States 
Department  of  Agriculture 

BELTS VILLE,  MARYLAND 

Increase  in  crop-gland  weight  following  prolactin  treatment  is 
widely  used  in  estimating  quantities  of  this  hormone.  The  known 
factors  that  influence  this  response  have  recently  been  discussed  in 
an  excellent  review  (Riddle  and  Bates,  1939).  Subsequently,  these 
authors  found  a  more  than  3-fold  variation  in  sensitivity  from  time 
to  time  in  the  same  race  of  pigeons  (1941).  The  present  report  con¬ 
firms  much  of  Riddle  and  Bates’  study  of  this  assay  method.  Certain 
changes,  however,  are  suggested  in  the  dose-response  curve  that  they 
proposed  (1939)  and  evidence  is  presented  that  the  breed  of  pigeons 
we  have  both  used  has  changed  in  responsiveness  to  prolactin  over  a 
period  of  a  few  years. 

MATERIALS  AND  METHODS 

White  Carneau  pigeons  were  used  exclusively  being  shipped  at  6  weeks  of 
age  from  Sumter,  South  Carolina;  the  prolactin  injections  were  started  3  or 
4  days  later.  The  pigeons  were  of  the  same  breed,  age,  and  from  the  same 
source  as  those  used  by  Bates  and  Riddle  (1941),  and  continued  to  have 
access  to  the  same  grit  and  grain  mixture  they  received  before  shipment. 

Partially  purified  prolactin  preparations  and  crude  extracts  (Friedman 
and  Hall,  1941)  of  acetone-dried  anterior  pituitary  powder  were  used.  Where 
reference  is  made  to  the  dosage  of  crude  anterior  pituitary,  it  represents  the 
amount  of  original  acetone-dried  gland  from  which  the  extract  was  made. 

More  recently,  several  prolactin  preparations  have  been  purified  to 
varying  degrees.  Three  of  these  were  used  in  the  present  study  and  are 
designated  as  follows.  Lyons  ‘J,’  a  chalky  white,  readily  soluble  powder  was 
prepared  by  the  Lyons  method  (1937).  It  was  purified  to  the  stage  described 
as  the  “purified  prolactin”  of  White,  Bonsnes  and  Long  (1942).  Preparations 

Received  for  publication  September  15,  1943. 

‘  This  research  was  supported  by  an  appropriation  from  Bankhead-Jones  funds 
(Bankhead-Jones  Act  of  June  29,  1935).  ^ 
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made  similarly  by  them  were  thought  to  be  no  less  potent  than  their  crystal¬ 
line  material.  They  reported  a  yield  of  about  200  mg.  of  “purified  prolactin” 
from  1  kg.  of  whole  beef  pituitaries,  which  corresponds  closely  in  amount 
with  ours.  The  method  of  Bates  and  Riddle  (1935),  with  a  few  modifications, 
was  used  in  making  preparations  57-8  and  84C,  and  is  far  superior  to  any 
other  tried  on  the  basis  of  the  total  amount  of  prolactin  recovered.  In  one 
instance  (84C)  0.8  kg.  of  fresh  beef  anterior  lobe  tissue  yielded  6800  mg.  of  a 
readily  soluble  material  which  when  assayed  by  the  method  described  else¬ 
where  (Hall,  1944),  was  of  same  order  of  potency  as  samples  generously 
furnished  by  Dr.  Erwin  Schwenk  of  Schering  Corporation  and  Dr.  A.  White. 
The  method  of  preparation  used  by  Dr.  Schwenk  has  been  recently  de¬ 
scribed  (Fleischer,  1943;  Schwenk,  et  al.,  1943)  with  a  reported  yield  of  2  gm. 
per  kg.  Their  product  was  soluble  in  acidified  absolute  methanol  as  was 
84C. 

Powders  numbered  Bates  657  and  786  were  kindly  supplied  by  Dr.  R.  W, 
Bates  in  1941  and  by  Dr.  0.  Riddle  in  1942.' The  Lilly  powders  numbered  1 
and  2  were  from  the  Eli  Lilly  and  Company  through  the  generosity  of  Dr. 
R.  G.  Campbell. 

Except  where  otherwise  stated,  the  procedure  was  to  make  deep  intra¬ 
muscular  injections  into  the  pigeons  (1.25  inch  needle),  alternating  from  side 
to  side,  once  daily  for  4  days  with  autopsy  on  the  fifth.  The  crude  extracts  or 
solutions  of  partly  purified  prolactin  in  1  per  cent  saline,  at  about  pn  7.5, 
were  stored  near  the  freezing  point.  No  loss  of  potency  was  detectable  when 
solutions  were  maintained  under  these  conditions  for  several  weeks. 

RESULTS 

Dose-response  relaiionship.  Preliminary  trials  indicated  that  pro¬ 
lactin  preparations  frequently  showed  more  potency  per  mg.,  when 
converted  into  Riddle-Bates  units,  at  the  lower  levels  of  crop-sac 
stimulation  (below  2200-2500  mg.)  than  at  higher.  This  suggested 
that  the  relationship  between  crop-sac  weight  and  logarithm  of  the 
dosage  was  not  linear  throughout,  as  first  proposed  by  Riddle,  Bates 
and  Dykshorn  (1933);  later  confirmed  by  others  (Evans,  1937; 
Rowlands,  1937). 

In  order  to  obtain  additional  data  on  the  dose-response  curve, 
especially  at  the  lower  levels  of  response,  3  crude  extracts  and  2  puri¬ 
fied  preparations  of  prolactin  were  tested  with  graduated  dosages 
(table  1).  To  avoid  the  variation  in  response  known  to  occur  between 
different  lots  of  birds,  each  experiment  was  performed  on  birds  of  the 
same  shipment.  For  crude  extracts,  only  one  extraction  was  made, 
the  lower  levels  of  dosage  being  obtained  by  dilution.  Factors  such 
as  volume  of  solution  and  route  of  administration  were  maintained 
constant. 

Had  these  several  prolactin  assays  followed  the  standard  curve  of 
Riddle  and  Bates  (1939),  the  calculated  potency  (units/mg.,  column 
5)  would  be  the  same  at  any  level  of  crop-sac  stimulation.  From  the 
data  of  table  1  it  is  seen  that  there  was  a  significant  increase  in  the 
apparent  potency,  as  calculated  from  the  Riddle-Bates  curve  when 
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dosages  were  given  which  produced  crop-sacs  averaging  less  than 
approximately  2500  mg.  The  effectiveness  of  2  materials  (No.  77  ex¬ 
tract  and  84C)  apparently  increased  more  than  3-fold. 

The  slope  of  the  Riddle-Bates  curve  is  such  that  doubling  (or 
halving)  the  dosage  any  place  on  the  curve  results  in  an  increase 
(or  decrease)  of  677  mg.  The  differences  in  crop-sac  weight  resulting 


Table  1.  Dose-response  relationship  of  crude  anterior  pituitary  ex¬ 
tracts  AND  PARTIALLY  PURIFIED  PROLACTIN.  In  THE  THIRD  COLUMN,  STARTING  AT  THE 
HIGHEST  DOSAGE  FOR  EACH  MATERIAL,  THE  NEXT  LOWER  ONE  IS  ONE-HALF  THE  DOSAGE 
OF  THE  ONE  IMMEDIATELY  PRECEDING  IT.  SeATENTY-EIGHT  CONTROLS  KILLED  AT  ALL 
SEASONS  OF  THE  YEAR  AVERAGED  BELOW  1100  MO.  IN  CROP-SAC  WEIGHT 


Number 

of 

Birds 

Total 
Dose  per 
Bird 

Mean  Crop- 
Sac  Weight, 
S.E. 

Riddle- 
Bates  Units 
per  mg. 

Units  per  mg.  ^ 

,  Difference  as  a 

q  S V!!;  Result  of  Halv- 

S.E.  of  Estimate 

mg. 

mg. 

mg. 

No.  73  extracted 

9 

16.0 

2989  ±163 

1.17 

2.0±0.3‘ 

9 

8.0 

2300  ±126 

1.15 

1.9±0.3 

689 

9 

4.0 

1890  ±150 

1.5 

2.1±0.6 

410 

9 

2.0 

1472 ±  67 

2.6 

1.7±0.3 

418 

7 

1.0 

1340 ±  85 

3.46 

2.1±0.8 

132 

8 

0.5 

1200 ±  33 

6.0 

1.8±0.4 

140 

No.  83  extracted 

5 

20.0 

3380  ±388 

1.4 

2.3±0.8 

5 

10.0 

2500  ±190 

1.1 

1.9±0.5 

880 

5 

5.0 

1650  ±191 

.9 

1.1  ±0.4 

850 

5 

2.5 

1640  ±113 

1.9 

2.0±0.6 

10 

No..  82  extracted 

10 

12 

2790  ±145 

1.27 

2.2±0.3 

10 

6 

2030  ±118 

1.17 

1.7±0.3 

760 

10 

3 

1750  ±101 

1.75 

2.1  ±0.5 

280 

Lilly  No.  1 

10 

6.8 

3860  ±206 

6.7 

10.0±1.8 

11 

3.4 

3070  ±156 

6.0 

10.1±1.0 

790 

11 

1.7 

2600  ± 185 

7.4 

12.6±2.4 

470 

11 

0.85 

2478  ±149 

12.9 

21.7±4.1 

122 

84  C 

9 

4.0 

3155  ±251 

5.5 

9.3±2.4 

9 

2.0 

2650  ±215 

6.5 

11.2±2.8 

505 

9 

1.0 

2480  ±259 

11.0 

18.6±5.9 

150 

9 

0.5 

1850  ±100 

11.6 

16.8±2.4 

630 

9 

0.25 

1644 ±  82 

18.9 

20.8±3.6 

206 

9 

0.12 

1210 ±  39 

24.2 

8.0±2.4 

434 

*  The  standard  error  of  estimate  is  obtained  by  projecting  the  S.E.  of  the  mean 
crop-sac  weight  onto  the  dose-response  curce  (table  3). 

*  Had  the  relationship  been  a  straight  line  and  followed  the  slope  proposed  by 
Riddle,  et  al.  (1933),  and  Riddle  and  Bates  (1939),  each  of  these  differences  in  crop-sac 
weight  would  be  677  mg. 


from  the  constant  dosage  changes  in  these  experiments  have  been 
calculated  (last  column  table  1). 

Emmens  (1941)  suggested  that  the  data  of  Rowlands  (1937)  and 
Bates  (1937)  on  the  weight  of  the  crop  gland  might  be  better  fitted 
by  a  logistic  than  by  a  logarithmic  function.  Since  our  data  of  table  1 
do  not  cover  more  than  half  of  the  entire  response  range  we  could 
not  attempt  to  fit  it  to  a  logistic  curve. 
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Cameron  and  Mackersie  (1926)  found  that  the  dose-response 
curves  of  many  biological  assays  conform  to  the  equation  yh=\og 
(ox -1-1),  in  which  y  is  the  response  and  x  is  dosage,  b  and  o  being 
constants.  They  state,  “From  the  nature  of  the  equation  arithmetic 
increases  in  dosage  result  in  approximately  arithmetic  increases  in 
effect  for  values  of  x  below  0.1  and  practically  logarithmic  increases 

Table  2.  Obbebted  and  calculated  responses  of  crop-sac  weight  at  dif¬ 
ferent  DOSAGES  OF  BOTH  PURIFIED  AND  CRUDE  PROLACTIN  PREPARATIONS.  ThE  DATA 
FOR  THE  OBSERVED  RESPONSES  (CROP-SAC  WEIGHT  INCREASE)  IN  THIS  TABLE  ARE  FROM 
THE  EXPERIMENTS  IN  TABLE  1.  NoTE  THAT  IN  TABLE  2,  RESPONSE  IS  IN  TERMS  OF  IN¬ 
CREASE  IN  CROP-SAC  WEIGHT  ABOVE  CONTROL  VALUE 


Dosage 


Response, 

Increase  in  Crop-Sac  Weight 


Observed  Calculated 


mg. 

units 

No.  77  extracted 

gm. 

gm. 

0.5 

1 

0.10 

0.12 

1.0 

2 

0.24 

0.23 

2.0 

4 

0.37 

0.43 

4.0 

8 

0.79 

0.76 

8.0 

16 

1.20 

1.24 

16.0 

32 

No.  83  extracted 

1.89 

1.89 

2.5 

5 

0.54 

0.52 

5.0 

10 

0.55 

0.89 

10.0 

20 

1.40 

1.44 

20.0 

40 

No.  82  extracted 

2.28  - 

2.14 

3 

6 

0.65 

0.60 

6 

12 

0.93 

1.00 

12 

24 

Lily  tl 

1.69 

1.62 

0.85 

8.5 

1.38 

0.80 

1.70 

17.0 

1.50 

1.30 

3.40 

34.0 

1.97 

1.96 

6.80 

68.0 

84  C 

2.76 

2.75 

0.12 

1.8 

0.10 

0.22 

0.25 

3.7 

0.54 

0.40 

0.50 

7.5 

0.75 

0.71 

1.00 

15.0 

1.38 

1.20 

2.00 

30.0 

1.50 

1.80 

4.00 

60.0 

84 

2.05 

C — 2nd  Observation 

2.60 

0.2 

3 

0.36 

0.33 

0.4 

6 

0.61 

0.60 

in  effect  for  values  of  x  above  10,  while  between  these  values  the  equa¬ 
tion  gives  effects  peculiar  to  itself.” 

The  data  of  table  1  were  found  to  conform  to  this  equation  as 
shown  in  table  2  using  the  constants  6  =  .31  gm.  increase  in  crop-sac 
weight  and  a  =  .09.  Accepting  the  equation  as  best  fitting  the  data, 
crop-sac  weights  were  related  to  unitage  (table  3).  The  dosage  (x) 
of  the  equation  is  in  units. 

Figure  1  is  a  graphic  presentation  of  the  data  in  table  2.  For  pur¬ 
poses  of  comparison  the  straight  line  logarithm — dosage  relationship 
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Table  3.  Conversion  table  for  crop-sac  weights 
INTO  UNITS.  Control  crop-weight,  1100  mg. 


mg.  = 

units 

mg. 

O 

units 

1100 

0 

2822 

27 

1220 

1 

2894 

29 

1330 

2 

2962 

31 

1435 

3 

3028 

33 

1530 

4 

3090 

35 

1620 

5 

3150 

37 

1705 

6 

3207 

39 

1784 

7 

3262 

41 

1860 

8 

3314 

43 

1930 

9 

3366 

45 

2000 

10 

3485 

50 

2064 

11 

3617 

56 

2185 

13 

3737 

62 

2297 

15 

3847 

68 

2400 

17 

4015 

78 

2497 

19 

4192 

90 

2587 

21 

4350 

102 

2671 

23 

4659 

130 

2751 

25 

of  Riddle  and  Bates  (1939)  (broken  line)  has  been  placed  on  the  graph 
tangential  to  the  curved  line  of  the  equation  at  the  crop-sac  weight 
of  approximately  2.7  gm.  The  slope  of  the  straight  line  was  then 
determined  from  the  table  of  Riddle  and  Bates  (1939).  It  is  seen  that 
for  practical  assay  purposes,  the  curved  line  dose-response  relation- 


A  B 


Fig.  1.  Pigeon  crop-sac  response  to  prolactin  (from  tables  1  and  2).  Column  A  on 
the  vertical  axis  represents  actual  crop-sac  weight  in  gm.;  column  B,  the  increase  in 
crop-sac  weight  in  gm.  over  the  control  weight.  Column  B  is  used  in  the  equation 
.31y  =  log  (.09z-|-l)  and  in  which  x  is  expressed  in  units.  The  solid  line  is  the  calculated 
curve  from  the  equation.  The  broken  line  is  the  dose-response  relationship  of  Riddle 
and  Bates  (1939)  who  proposed  that  y  was  proportional  to  log  x.  X  No.  77  extracted; 
O  84C;  O  No.  82  extracted;  ©  No.  83  extracted;  A  Lilly  No.  1. 
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ship  and  the  straight  line  of  Riddle  and  Bates  do  not  differ  greatly 
between  crop-sac  weights  of  approximately  2  and  4  gm. 

Effect  of  muscle  extract  on  the  dose-response  curve.  It  has  been  shown 
that  the  effectiveness  of  prolactin  in  stimulating  the  crop-sacs  of 

Table  4.  Effect  of  muscle  extract  upon  the  crop-sac  response  and  the 

DOSE-RESPONSE  RELATIONSHIP  OF  PROLACTIN  84  C.  EaCH  OF  THE  4  GROUPS  USED  ON 
12/1/41  WAS  COMPOSED  OP  11  BIRDS  AND  EACH  GROUP  USED  ON  1/16/42  CONTAINED  10 
BIRDS.  For  these  experiments  the  body-weight  factor  was  CONTROLLED  BY  EM¬ 
PLOYING  GROUPS  ALMOST  IDENTICAL  IN  THIS  RESPECT 


Date 

Prolactin 

Total 

Dosage/ 

Bird 

Muscle 

Equiv./ 

Bird 

Mean  Crop 
Wt. 

Prolactin 

Total 

Activity 

Crop  Wt. 
Difference 
as  a 

Result  of 
Halving 
Dosage 

mg. 

mg. 

mg.,  S.E. 

unit,  S.E. 

per  mg. 

mg.,  S.E. 

12/1/41 

.4 

1727  ±60 

6.3  ±  .75‘ 

15.75 

' 

12/1/41 

.2 

1477  ±53 

3.4  ±  .53 

17.0 

250  ±57 

12/1/41 

.4 

8 

1960  ±93 

9.6  ±  .3 

24.0 

12/1/41 

.2 

8 

1381  ±33 

2.5  ±  .33 

12.5 

599  ±63 

1/6/42 

.4 

1695  ±60 

5.9  ±  .71 

14.75 

1/6/42 

.2 

1450  ±80 

3.15±  .80 

15.75 

245  ±70 

1/6/42 

.4 

8 

1810  ±80 

7.3  ±1.0 

18.2 

1/6/42 

.2 

8 

1395  ±44 

2.6  ±  .44 

13.0 

415  ±62 

1/6/42 

.4 

16 

1720  ±88 

6.2  ±  .1 

'  15.5 

1/6/42 

.4 

8* 

1620  ±51 

5.0  ±  .6 

12.5 

‘  Standard  error  of  estimate.  This  was  calculated  as  in  table  1. 

*  The  muscle  extract  in  this  case  was  not  added  to  the  prolactin  before  injection 
but  was  introduced  into  the  birds  at  a  separate  injection  site. 


pigeons  can  be  enhanced  at  certain  levels  of  response  by  the  addition 
of  the  extract  from  8  mg.  of  dried  beef  muscle  (Friedman  and  Hall, 
1941).  That  report  also  presented  data  (Riddle-Bates  units/mg.)  on 
adequate  numbers  of  birds  from  the  same  shipment,  which  indicated 
strongly  that  prolactin  (Lilly)  in  the  presence  of  muscle  extract,  at 
3  dosage  levels  (0.6,  0.4  and  0.2  mg.),  followed  precisely  the  linear 
relationship  proposed  by  Riddle  and  Bates  (1939),  even  down  to 
crop-sac  weights  of  1400  mg.  The  data  in  table  1,  therefore,  conflict 
with  that  of  the  prolactin  and  muscle  extract  experiments  and  sug¬ 
gest  a  different  dose-response  relationship  for  prolactin  in  the  pres¬ 
ence  of  muscle  extract. 

A  scarcity  of  birds  prevented  an  attempt  at  the  complete  solution 
of  the  problem;  however,  additional  information  was  sought  at  the 
lower  levels  of  crop-sac  weight  (1300-2000  mg.).  For  these  experi¬ 
ments,  the  groups  were  so  made  up  that  the  body-weight  range  and 
mean  weight  for  each  group  were  almost  identical  at  the  start.  It  is 
seen  (table  4,  experiments  for  both  dates)  that  the  extract  from  8  mg. 
of  muscle  augments  the  response  of  0.4  mg.  of  preparation  84C.  In 
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the  first  experiment  (12/1/41)  the  chances  are  1  in  20  that  the  differ¬ 
ence  is  not  significant  and  in  the  second,  1  in  5.  At  the  0.2  mg.  level, 
the  same  amount  of  muscle  depressed  the  effectiveness  of  this  pro¬ 
lactin  preparation.  Considering  these  two  experiments  at  this  dosage 
level  (0.2  mg.)  separately,  only  the  first  showed  a  significant  decrease 
(or  depression),  the  chances  being  1  in  10  that  the  difference  is  not 
significant.  However,  the  probability  of  the  muscle  extract  augment¬ 
ing  the  0.2  mg.  of  this  preparation  is  negligible.  Increasing  the  amount 
of  muscle  extract  to  16  mg.  did  not  further  augment  the  action  of 
0.4  mg.  of  this  prolactin  (table  4). 

Examination  of  the  differences  in  the  crop-sac  w^eight  (table  4) 
produced  by  halving  the  prolactin  dosage  in  the  presence  of  the  muscle 
extract  (599  and  449  mg.)  suggests  the  same  steep  relationship  shown 
by  Riddle  and  Bates  that  it  did  previously  (Friedman  and  Hall,  1941). 
This  slope  is  not  greatly  different  from  the  677  mg.  expected  from  the 
Riddle-Bates  curve.  The  change  of  250  and  245  mg.  in  crop-sac  weight 
as  the  result  of  halving  the  dosage  of  84C  without  the  muscle  extract 
is  almost  exactly  the  expected  relationship  of  table  3  (activity /mg., 
table  4)  and  is  strong  supporting  evidence,  from  groups  of  birds  of 
equal  body  weight,  for  the  validity  of  the  proposed  dose-response 
relationship.  In  comparing  the  two  slopes  with  each  other  (599  and 
415  with  250  and  245)  there  appears  to  be  little  doubt  that  the  muscle 
extract  alters  the  slope  of  the  regression  line. 

Route  of  administration.  Folley,  Dyer  and  Coward  (1941),  follow¬ 
ing  the  procedure  described  by  Rowlands  (1937),  injected  their  solu¬ 
tion  subcutaneously.  Bates  and  Riddle  (1941),  in  more  recent  reports 
prefer  the  intramuscular  injection  of  a  comparatively  small  volume 
of  solution  (0.25  cc.  daily),  although  in  an  earlier  publication  (1936) 
they  indicated  from  their  limited  data’*  more  than  a  3-fold  greater 
response  from  subcutaneous  administration  than  from  intramuscular, 
particularly  in  male  birds  (1939). 

Our  comparisons  of  the  two  methods  of  administration  were  made 
with  birds  of  the  same  shipment  and  with  both  purified  preparations 
and  extracts  (table  5).  The  subcutaneous  injections  were  made  on  the 
middle  of  the  breast  or  posterior  to  it  as  a  precaution  against  local 
stimulation  too  near  the  crop-sac.  A  large  bleb  or  blister  always  re¬ 
sulted,  showing  that  the  solution  had  not  been  placed  too  deeply  and 
care  was  taken  to  avoid  any  leakage  of  the  fluid. 

The  average  difference  in  crop-sac  weight  between  the  111  pigeons 
picked  at  random  and  injected  subcutaneously  compared  with  the 
111  injected  intramuscularly  was  284+101  mg.  in  favor  of  the  former 
method  (table  5).  This  difference  might  not  always  be  detected  in  a 
group  of  10  birds. 

Sex  and  body  weight.  Unfortunately  the  sex  of  all  the  pigeons  in 

*  Dr.  R.  W.  Bates  informed  the  writer  that  additional  data  on  the  subject  indicate 
only  about  a  doubled  response  by  the  subcutaneous  method. 
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the  above  groups  was  not  recorded.  Consequently,  to  test  on  a  larger 
group  of  birds  the  finding  of  Bates,  et  oZ.  (1939),  regarding  the  crop- 
sacs  of  males,  all  of  the  instances  in  which  the  subcutaneous  method 
of  administration  had  been  used  and  the  sex  and  body  weight  had 
been  determined  were  tabulated  (table  6).  Those  cases  in  table  5  in 


Table  5.  Effect  of  route  of  administration  of  both  crude  extracts  and  puri¬ 
fied  PROLACTIN  on  THE  CROP-SAC  RESPONSE  IN  PIGEONS 


Material 

Route* 

Dose/Bird 

No. 

Birds 

Mean 
Crop  Wt. 

Unitage 
from 
Table  3 

No. 

■  of 
Males 

mg. 

mg. 

2a  extracted 

Sc. 

8 

12 

2850 

3.4 

6 

2a  extracted 

Im. 

8 

12 

2925 

3.7 

8 

20  extracted 

Sc. 

12 

8 

2550 

1.7 

3 

20  extracted 

Im. 

12 

8 

2060 

.9 

5 

29  extracted 

Sc. 

8 

14 

2450 

2.2 

10 

29  extracted 

Im. 

8 

14 

2470 

2.3 

9 

Lilly  No.  1 

Sc. 

.85 

11 

2980 

37.0 

4 

Lilly  No.  1 

Im. 

.85 

11 

2478 

21.8 

8 

Lilly  No.  1 

Sc. 

1 

12 

2690 

23.4 

7 

Lilly  No.  1 

Im. 

1 

12 

2669 

23.0 

5 

Lilly  No.  2 

Sc. 

1 

10 

2865 

28.2 

9 

LiUy  No.  2 

Im. 

1 

10 

239a 

16.8 

? 

57-8 

Sc. 

1 

10 

2600 

21.3 

? 

57-8 

Im. 

1 

10 

2090 

11.7 

? 

Lyons  “J” 

Sc. 

2 

10 

2730 

12.2 

4 

Lyons  “J” 

Im. 

2 

10 

2960 

15.5 

? 

Lyons  “J” 

Sc. 

2 

12 

2854 

14.0 

8 

Lyons  "J” 

Im. 

2 

12 

2637 

11.0 

? 

Lyons  “J” 

Sc. 

2 

12 

3208 

18.5 

7 

Lyons  “J” 

Im. 

2 

12 

2254 

7.0 

? 

Average  for  Intramuscular  =2493  mg.  equiv.  to  19  ±2  units 
Average  for  Subcutaneous  =  2777  mg.  equiv.  to  26  ±3  units. 
*  Sc.,  subcutaneous;  Im.,  intramuscular. 


which  the  sex  and  body  weights  were  known  are  also  included  here. 

It  is  seen  that  the  males  did  respond  on  the  average  to  a  greater 
degree  than  the  females  but  the  males  were  also  larger.  At  this  average 
level  the  females  had  5.0  mg.  of  crop  for  each  gm.  of  body  weight  and 
the  males,  5.67  mg.  per  gm.  This  difference  of  ;67  mg. +  .32  mg.  is 
possibly  significant.  A  similar  calculation  on  26  female  and  35  male 
controls  gave  2.0  mg.  of  crop  for  each  gm.  of  body  weight  in  both 
sexes. 

The  sex  and  body  weights  of  1159  birds  receiving  93  different 
prolactin  solutions  were  analyzed.  This  group  was  composed  of  482 
females  and  677  males.  For  the  females,  the  average  crop-sac  weight 
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was  2349  mg.  and  the  body  weight  426  gm. ;  for  the  males  2527  mg. 
of  crop-sac  weight  and  458  gm.  body  weight.  For  both  sexes  the  crop- 
sac  weight,  per  gm.  of  body  weight  was  the  same,  i.e.,  5.51  mg.  Ap¬ 
parently  then,  the  influence  of  sex  on  response  is  indistinguishable 
from  the  body  weight  factor.  For  small  groups  of  birds  we  are  in 
agreement  with  Riddle  and  Bates  (1939)  that  there  is  no  need  for  a 
correction  for  body  weight  or  sex  in  the  intramuscular  method  of 
administration  when  the  pigeons  are  of  the  same  breed  and  age.  We 
are  also  in  agreement  with  Bates  (1937)  that  concentration  or  pn  of 
solutions,  within  reasonable  limits,  is  not  a  factor  in  the  response. 


Table  6.  Influence  of  pigeon’s  sex  on  crop-sac  response  following  subcu¬ 
taneous  ADMINISTRATION  OF  PROLACTIN.  EaCH  LINE 
IS  THE  RESULT  OF  A  SEPARATE  TEST 


No. 

Pemales 

Average 
Crop  Wt. 

Average 

Body  Wt. 

No. 

Males 

Average 
Crop  Wt. 

Average 
Body  Wt. 

3 

mg. 

1977 

gm. 

462 

5 

mg. 

3550 

gm. 

507 

3 

2100 

481 

5 

2495 

550 

3 

1780 

486 

5 

3218 

498 

6 

2468 

498 

6 

2138 

498 

6 

2392 

490 

6 

2978 

477 

7 

2887 

486 

4 

2667 

510 

5 

1920 

498 

3 

3033 

570 

4 

1900 

477 

10 

2344 

519 

3 

3233 

481 

9 

3351 

515 

5 

2524 

455 

7 

2800 

510 

4 

2850 

479  . 

8 

2856 

512 

4 

2425 

478 

8 

3075 

516 

5 

2990 

489 

7 

3364 

503 

■■ 

... 

■  — 

■ 

58 

2419  Av. 

482  Av. 

83 

2920  Av. 

515  Av. 

Variation  in  different  shipments  of  birds.  Folley,  et  al.  (1941),  work¬ 
ing  with  pigeon  groups  totally  lacking  uniformity  as  to  age  and  breed, 
noted  wide  variations  in  the  responses  at  different  times  to  the  same 
dosage  of  prolactin.  Bates  and  Riddle  (1941),  in  an  intensive  study 
of  this  subject,  injected  239  six-week-old  Carneau  pigeons  with  2  mg. 
of  their  No.  657  prolactin  at  regular  intervals  over  a  2-year  (1939-40) 
period.  They  found  a  semi-annual  cyclic  variation  in  crop-sac  stimu¬ 
lation  with  two  periods  of  maximum  (summer  and  winter)  and  two 
of  minimum  response  (spring  and  fall). 

Our  data  on  this  subject  (fig.  2)  in  general  confirm  the  findings  of 
Bates  and  Riddle,  especially  in  the  marked  drop  in  response  in  the 
spring.  The  one  exception  is  with  preparation  57-8,  which  was  com¬ 
paratively  constant  in  effectiveness  throughout  the  year.  In  11®  of 
12  tests  it  varied  only  from  1876  ±109  to  2095  ±108  mg.  In  the  re¬ 
maining  test  in  which  the  average  body  weight  of  the  group  was  510 
gm.,  about  10  per  cent  above  the  average  for  the  entire  group,  crop- 

*  Two  tests  within  the  limits  indicated  were  made  in  1942  but  are  not  shown  in 
figure  2. 
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sacs  averaging  2377  ±88  mg.  resulted.  This  single  relatively  high 
value  occurred  on  April  22  at  about  the  time  the  spring  minimum 
had  been  reached  for  the  other  materials.  The  flatness  of  the  dose- 
response  curve  (flg.  1)  at  the  level  of  crop-sac  stimulation  produced 
by  this  material  (57-8)  explains  only  in  part  these  uniform  responses 
(units/mg.,  fig.  2).  Bates  and  Riddle  (1941)  gave  on  10  occasions  over 


E 

O 


§-  22 
U 


A* 


A 


Q. 


Totol  Dosel 

O  Bates  766  2  hcs. 

•  Bates  657  2  " 
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A  A 
.  X 
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Fiq.  2.  Time-to-time  variation  in  the  response  of  the  crop-sacs  of  6-week-old  White 
Cameau  pigeons  to  prolactin.  The  asterisks  beside  the  January  tests  of  Bates  657, 
Bates  786,  Lilly  and  57-8  indicate  the  tests  were  made  in  1942:  All  the  others  were  ob¬ 
tained  in  1941.  Each  point  is  the  average  value  for  9  to  12  pigeons  all  from  the  same 
shipment. 

In  units  per  mg.  (table  3)  these  variations  are  found  to  be:  Bates  786,  6.9  to  14.8; 
Bates  657.  7.9  to  17.3;  Lilly  2nd,  8.0  to  18.5;  57-8.  8.2  to  11.5  (except  one,  at  16.5); 
Lyons  “J,”  6.8  to  18.0, 

the  2-year  period  0.5  mg.  of  No.  657  prolactin  at  the  same  time  they 
gave  their  usual  2-mg.  dose.  Their  data  also  indicate  less  variation 
in  response  at  the  lower  dosage  in  different  shipments  of  birds. 

Evidence  that  this  race  of  Carneau  Pigeons  has  decreased  in  respon¬ 
siveness  to  prolactin  over  a  period  of  several  years.  With  the  prolactin 
preparation  (No.  657),  the  strain  of  birds,  the  total  dosage  (2  mg.), 
and  the  route  of  administration  and  volume  (0.25  cc.  daily)  identical 
with  those  used  by  Bates  and  Riddle  (1941)  for  1939-40,  the  data  on 
crop-sac  weights  for  1941  are  much  lower.  The  mean  value  for  the 
2-year  period  was  more  than  3200  mg.  while  for  1941  it  was  2646  mg. 
The  maximum  mean  value  for  10  birds  in  our  data  was  3070  mg.  and 
the  minimum,  2330  mg.  in  comparison  with  4070  and  2617  mg.,  re¬ 
spectively,  from  the  data  of  Bates  and  Riddle  (1941).^ 

It  was  shown  (Bates,  et  al.  1941)  that  this  strain  of  birds  changed 
in  at  least  one  respect  between  1938  and  1940.  They  found  that  the 

*  It  is  the  opinion  of  Dr.  R.  W.  Bates  that  prolactin  maintained  as  was  §657  is 
probably  stable  for  many  years.  Recently  this  strain  of  pigeons  has  given  him  about 
one  half  the  response  it  did  in  years  past  (personal  communication). 
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mean  weight  of  the  unstimulated  thyroid  has  increased  from  40  to 
179  mg. 

Assay  of  prolactin  in  comparison  with  the  international  standard. 
Under  the  most  favorable  conditions  the  results  of  comparing  prepara¬ 
tions  with  the  international  standard  are  discouraging.  Bates  and 
Riddle  (1941)  found  variations  ranging  from  74  to  240%  in  the  same 
shipment  of  birds  for  their  No.  657  in  comparison  with  this  standard. 


Table  7.  Comparison  of  Lilly  no.  1  with  the  international  standard  prolactin 
ON  White  Carneau  pigeons  using  intramuscular  injections 


Date 

Material 

Total 

Dose/Bird 

Number 

of 

Pigeons 

Average 

Crop-Sac 

Wt. 

Units/mg. 

4/29/40 

Lilly  No.  1 

mg. 

1.0 

12 

mg. 

2669 

23.5 

6/14/40 

Lilly  No.  1 

1.0 

15 

2721 

24.2 

7/19/40 

Lilly  No.  1 

1.0 

12 

2814 

26.8 

1/20/41 

Lilly  No.  1 

1.0 

9 

2339 

15.9 

1/15/40 

I.S.P. 

1.0 

14 

2200 

13.4 

7/8  /40 

I.S.P. 

1.0 

17 

1564 

4.5 

7/19/40 

I.S.P. 

1.0 

9 

1790 

7.1 

1/14/41 

I.S.P. 

1.0 

9 

1933 

9.0 

Our  own  experience  is  no  better  (table  7).  The  method  of  assay  de¬ 
scribed  elsewhere  (Hall,  1944)  is  more  suitable  for  comparing  pro¬ 
lactin  preparations. 

DISCUSSION 

It  is  likely  that  the  dose-response  relationship  here  presented 
differs  from  that  of  Riddle,  et  al.,  because  more  data  were  available 
at  the  lower  levels  of  crop-sac  response.  Folley,  Dyer  and  Coward 
(1941)  obtained  their  dose-response’  curve  under  conditions  of  treat¬ 
ment  that  are  not  comparable  with  ours.  They  used  pigeons  of  un¬ 
known  age  and  breed  and  treated  their  birds  subcutaneously  for  6 
days.  They  also  probably  lacked  sufficient  data  at  the  lower  levels  of 
response. 

The  effect  of  muscle  extract  on  the  dose-response  curve  shows 
clearly  that  the  slope  can  be  altered.  This  of  course  may  be  due  en¬ 
tirely  to  a  change  in  the  absorption  rate  of  prolactin.  However,  it 
does  not  appear  from  the  data  that  the  impurities  in  No.  77,  a  crude 
extract,  changed  the  dose-response  relationship  from  that  of  84C  over 
the  dosage  range  used.  In  addition,  preparations  made  by  Lyons’ 
method  (1937),  which  is  thought  to  give  a  nearly  chemically  pure 
product,  did  not  give  in  recent  tests  a  detectably  different  slope  from 
that  of  84C.  Nevertheless,  as  an  added  precaution  in  comparing 
materials  of  widely  different  degrees  of  purity,  more  uniform  results 
might  be  obtained  if  preparations  were  compared  at  two  or  more 
dosage  levels  even  though  the  total  number  of  test  animals  is  not  in¬ 
creased. 
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The  data  on  the  fairly  constant  responses  resulting  from  the  use 
of  preparation  57-8  throughout  the  year  suggest  that  assays  might 
be  more  consistent  if  made  in  the  range  of  response  produced  by  it 
(1900  to  2100  mg.).  The  small  standard  error  of  mean  crop-sac 
weight  and  the  duplication  of  those  responses  between  1500  and  1800 
mg.  in  terms  of  both  w  eight  and  unitage  (table  4),  also  direct  attention 
to  this  range  of  stimulation.  The  lack  of  steepness  of  the  dose-response 
curve  detracts  from  the  accuracy  of  estimation  in  these  ranges  but 
this  is  counteracted  largely  by  the  reduced  variations  in  crop-sac 
weight  at  low  levels  of  response  (table  4). 

SUMMARY 

The  slope  of  the  regression  line  (relating  dose  with  response)  in 
the  systemic  crop-weight  method  of  prolactin  assay  with  6-week-old 
White  Carneau  pigeons  proposed  by  Riddle,  et  aX.,  was  valid  only  when 
stimulation  produced  crops  sacs  weighing  more  than  2200  to  2500  mg. 
A  significantly  flatter  curve  resulted  below  this  level  of  response. 

From  the  data  presented,  muscle  extracts  added  to  purified  pro¬ 
lactin  solutions  in  certain  proportions  augmented  the  crop-sac  re¬ 
sponse  and  in  other  proportions  (or  levels  of  response)  depressed  it. 
Prolactin  administered  subcutaneously  produced  about  50  per  cent 
greater  response  than  intramuscular  injections. 

Male  pigeons,  from  the  data  presented,  when  -corrected  for  body 
weight,  responded  only  slightly  more  than  females  to  subcutaneously 
administered  prolactin  but  no  sex  difference  was  found  when  intra¬ 
muscular  injections  were  used. 

Data  on  the  response  to  5  different  prolactin  preparations  tested 
on  561  six-week-old  White  Carneau  pigeons  53  different  times  during 
a  period  of  one  year  are  graphically  presented.  They  showed  wide 
variation  in  response  to  the  same  amount  of  the  same  preparation, 
confirming  Bates  and  Riddle  who  used  however,  only  one  preparation 
but  over  a  2-year  period.  The  time-to-time  variation  was  less  with 
crop-sac  responses  below  2300  mg. 

Data  are  also  presented  suggesting  a  low^er  response  in  1941  than 
in  1939-1940  for  the  same  race  of  birds. 

It  is  a  pleasure  to  acknowledge  the  aid  of  Mr.  L.  J.  Saidel,  Mr.  H.  G.  Wiseman  and 
Mr.  L.  P.  Dryden  of  this  laboratory  in  the  mathematical  calculations  presented  here 
and  Mr.  John  D.  Hunt  also  of  this  laboratory,  for  his  skillful  technical  assistance  in 
this  work. 

REFERENCES 

Bates,  R.  W.:  Cold  S.pring  Harbor  Symposia  Quant.  Biol.  6: 191.  1937. 

Bates,  R.  W.,  and  O.  Riddle:  J.  Pharmacol.  &  Exper.  Therap.  55:  365.  1935. 

Bates,  R.  W.,  and  O.  Riddle:  Proc.  Soc.  Exper.  Biol.  &  Med.  34:  847.  1936. 

Bates,  R.  W.,  and  O.  Riddle:  Endocrinology  29:  702.  1941. 

Bates,  R.  W.,  O.  Riddle  and  E.  L.  Lahb:  Am.  J.  Physiol.  127:  422.  1939. 

Bates,  R.  W.,  0.  Riddle  and  E.  L.  Labr:  Endocrinology  29:  492.  1941. 

Cameron,  A.  T.,  and  W.  G.  Mackersie:  J.  Pharmacol.  &  Exper.  Therap.  28: 9. 1926. 
Emmens,  C.  W.:  j.  Endocrinol.  2:  194.  1941. 


January,  1944  PROLACTIN  ASSAY  BY  CROP-SAC  WEIGHT 


13 


Evans,  E.  I.:  Am.  J.  Physiol.  119:  304.  1937. 

Fleischer,  G.  A.:  J.  Biol.  Chem.  147:  525.  1943. 

Follet,  S.  j.,  F.  j.  Dtbb  and  K.  H.  Coward:  J.  Endocrinol.  2:  179.  1941 . 

Friedman,  M.  H.,  and  S.  R.  Hall:  Endocrinology  29:  179.  1941. 

Hall,  S.  R.:  Endocrinology  34:  14.  1944. 

Lyons,  W.  R.:  Cold  Spring  Harbor  Symposia  on  Quant.  Biol.  5:  198.  1937. 

Riddle,  O.,  R.  W.  Bates  and  S.  W.  Dykshorn:  Am.  J.  Physiol.  105:  191.  1933. 
Riddle,  O.,  and  R.  W.  Bates:  Sex  and  Internal  Secretions.  2nd  ed.,  p.  1088.  Williams 
and  Wilkins,  Baltimore.  1939. 

Rowlands,  I.  W.:  Quart.  J.  Pharm.  &  Pharmacol.  10:  216.  1937. 

ScBWENK,  E.,  G.  A.  Fleischer  and  S.  Tolksdorf:  J.  Biol.  Chem.  147:  535.  1943. 
Third  International  Conference  on  the  Standardization  of  Hormones,  Geneva.  BuU. 
Health  Organ.  7:  887.  1938. 

White,  A.,  R.  W.  Bonsnes  and  C.  N.  H.  Lono:  J.  Biol.  Chem.  143:  447.  1942. 


T 


PROLACTIN  ASSAY  BY  A  COMPARISON  OF  THE  TWO 
CROP-SACS  OF  THE  SAME  PIGEON  AFTER  LOCAL 
INJECTION' 

S.  R.  HALL 

From  the  Division  of  Nutrition  and  Physiology,  Bureau  of  Dairy  Industry, 
Agricultural  Research  Administration,  United  States 
Department  of  Agriculture 

BELTSVILLE,  MARYLAND 

Recently,  data  were  presented  (Hall,  1944)  suggesting  that  con¬ 
sistent  assay  results,  within  the  limits  of  error  desired,  were  not 
obtained  when  prolactin  preparations  were  compared  with  the  inter¬ 
national  standard  using  the  systemic  crop-sac  weight  method  and 
groups  of  10  to  12  pigeons.  Bates  and  Riddle  (1941)  had  a  similar 
experience  with  this  assay  method  in  comparing  their  preparation  No. 
657  with  the  Standard.  This  completely  objective  method  was  the  best 
available,  and  improvements  in  the  manner  of  comparing  prolactin 
preparations  by  it  have  been  suggested  (Hall,  1944).  In  the  hope  of 
obtaining  more  accuracy  in  prolactin  assay,  the  ‘micro’  methods 
originating  with  Lyons  and  Page  (1935),  have  also  been  investigated. 

The  present  work  adds  nothing  to  the  original  ideas  on  which  the 
method  was  based.  The  inherent  possibilities  in  this  unique  method 
have,  perhaps,  been  more  fully  explored.  Our  purpose  is  to  present 
the  conditions  under  which  pituitary  tissue  and  prolactin  preparations 
can  be  assayed  at  responses  much  greater  than  minimum,  by  the 
simultaneous  comparison  of  the  two  crop-sacs  of  the  same  pigeon. 

MATERIALS  AND  GENERAL  PROCEDURE 

Pituitaries  were  removed  immediately  after  death  by  exsanguination 
from  healthy  New  Zealand  rabbits,  either  13  days  postpartum  estrus  or  18 
days  or  more  pseudopregnant,  and  were  frozen  solid  until  used  3  or  4  days 
later.  The  pooled  lot  of  cattle  pituitaries  No.  86  was  obtained  at  a  nearby 
slaughter  house,  frozen  immediately  and  maintained  in  this  condition  until 
used.  Cow  No.  1498  was  a  healthy  4-year  old,  7-month  pregnant  dairy  ani¬ 
mal  from  our  herd.  The  calf  pituitary  was  from  a  normal  6-month  old  ani¬ 
mal.  Pooled  lots  of  frozen  bovine  pituitaries  No.  73  (25  dairy  bulls),  77  (31 
dairy  cows  of  which  90%  were  lactating)  and  78  (21  beef  bulls)  were  shipped 
from  Kansas  City,  Missouri.*  Upon  their  arrival,  these  glands,  while  frozen, 

Received  for  publication  September  15,  1943. 

^  This  research  was  supported  by  an  appropriation  from  Bankhead-Jones  funds 
(Bankhead-Jones  Act  of  June  29,  1935). 

*  This  material  was  made  available  due  to  the  generosity  of  Armour  and  Co., 
through  the  great  assistance  of  Dr.  L.  J.  Porche.  Dr.  F.  C.  Mau,  assistant  veterinarian, 
of  the  B.  A.  I.  very  kindly  identified  the  animals  before  slaughter. 
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were  chopped,  desiccated  with  acetone  and  ground  in  a  mortar  until  more 
than  95  per  cent  of  the  material  passed  through  a  60-mesh  sieve. 

The  sources  of  the  purified  prolactin  preparations  designated  as  “White,” 
“Schering,”  “Lilly  No.  2”  and  84C  have  been  given  (Hall,  1944).  The  one 
marked  “Difco”  was  generously  supplied  by  the  Difco  Laboratories,  Inc., 
through  Dr.  R,  W.  Bates. 

The  pigeons  used  were  White  Carneau  from  the  source  previously  de¬ 
scribed  (Hall,  1944)  or  White  King  from  the  Poultry  Section,  U.  S.  Bureau 
of  Animal  Industry,  Beltsville,  Maryland.  They  were  from  5  to  7  weeks  old, 
at  the  beginning  of  the  experiments,  and  conditions  of  feeding  were  as  before 
(Hall,  1944). 

The  method  of  extraction  was  that  previously  described  (Friedman  and 
Hall,  1941).  This  method  leaves  no  more  than  3  per  cent  prolactin  activity 
in  the  residue,  as  judged  by  comparing  in  local  tests  in  the  same  bird  implants 
of  this  residue  with  the  extract.  For  experiments  involving  suspensions  of 
fresh  tissue,  the  glands  were  ground  in  a  mortar  with  distilled  water  to  form 
a  fine  suspension.  The  acetone-dried  powders  used  in  suspensions  were  fur¬ 
ther  ground  after  the  addition  of  a  little  water. 

A  .25-cc.  tuberculin  syringe  with  a  .5-inch  needle  was  used  for  work  in¬ 
volving  a  volume  of  .1  cc.  or  less  for  daily  injection.  Suspensions,  extracts 
and  solutions  of  prolactin  were  all  aqueous,  containing  sufficient  NaCl  and 
butanol  to  make  1  per  cent  of  each.  A  procedure  consisting  of  4  daily  injec¬ 
tions  of  0.05  cc.  each,  with  autopsy  on  the  fifth  day  has  been  followed 
throughout,  except  in  the  experiments  on  volume  and  number  of  daily  injec¬ 
tions  as  factors  in  response. 

Preparatory  to  making  injections  the  feathers  were  removed  in  the  crop- 
sac  region.  It  was  soon  found  that  intradermal  injections  of  the  same  dosage 
of  prolactin  made  into  different  regions  of  the  skin  covering  the  crop-sacs 
do  not  produce  responses  of  the  same  appearance.  Minute  amounts  of  pro¬ 
lactin  (around  0.1  i.tt.)  in  a  small  volume  of  solution  placed  at  the  lateral 
border  of  the  extended  breast  feather  tract  (position  3,  fig.  3)  stimulate  only 
small,  well  defined  areas  on  the  crop-sac  epithelium.  The  intradermal  injec¬ 
tions  were  so  made  that  a  bleb  or  blister  always  arose  and  the  site  of  the  bleb 
was  marked  with  a  dye  at  the  time  of  the  first  injection  for  reference  on  suc¬ 
ceeding  days.  Particular  precaution  against  entering  the  crop-sac  with  the 
needle  must  be  exercised  in  making  subcutaneous  injections  over  this  gland. 
For  this  type  of  administration  it  is  safer  to  inject  under  the  skin  in  the 
shoulder  area  where  a  bleb  never  results  from  .05  cc.  of  fluid,  even  when  sup¬ 
ported  from  below  by  muscles  at  the  shoulder  tip. 

Comparison  of  the  proliferated  regions  of  the  two  glands  of  the  same  bird. 
The  method  adopted  for  comparing  the  glands  is  essentially  that  of  Bates 
and  Riddle  (1940),  who  used  5  designations  for  estimates  of  “gross  degree  of 
stimulation”  and  were  convinced  that  the  differences  were  significant, 
“though  arbitrarily  determined.”  Judging  by  dosages.  Bates  and  Riddle 
(1940)  made  their  comparisons  in  the  region  of  meager  response.  Since  it  was 
found  possible  to  extend  the  response  range  higher  it  was  necessary  to  in¬ 
crease  the  number  of  response  gradations  to  18  and  the  term  micro-value* 
was  applied  to  the  response  intervals.  If  estimates  were  used  only  in  level  of 

*  So-called  instead  of  units  since  they  are  relative  values  on  an  arbitrary  scale. 
This  term  was  applied  following  its  suggestion  by  Dr.  R.  W.  Bates.  > 
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Fiq.  1  (upper).  Dosage-comparative-response  relationship.  Each  short  straight 
line  (solid  or  dashed)  represents  the  comparative  data  of  the  10  crop-sacs  of  5  young 
pigeons.  Primarily,  these  data  show  that  all  the  short  lines  point  upward.  This  means 
only  that  a  doubled  (or  halved)  dosage  brought  about  a  response  difference  when  the 
crop-sacs  of  the  same  bird  were  compared  simultaneously.  The  approximate  extent  of 
this  comparative  difference  expressed  in  micro- values  is  indicated  by  the  slope  of  each 
of  these  short  lines.  Note  l^at  these  short  line  slopes  are  steeper  for  84C  than  for  the 
two  pituitary  extracts. 

These  data  may  also  be  considered  collectively  as  a  dose-response  curve  in  the 
usual  sense.  Response  in  that  case  becomes  an  absolute  expression  on  the  vertical  scale. 
Absolute  resfmnse  (not  comparative)  is  then  indicated  on  this  graph  by  the  points  at 
the  ends  of  the  short  lines  but  not  by  their  slope.  This  is  simply  plotting  the  level  of 
response  against  dosage.  When  the  data  are  considered  as  this  type  of  dose-response 
curve,  note  that  a  64-fold  increase  in  dosage  is  necessary  to  progress  from  about  2 
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response  determinations  half  of  this  number  of  intervals  would  be  sufficient. 
But  in  comparing  the  two  glands  from  the  same  bird  following  small  differ¬ 
ences  in  prolactin  dosage,  degrees  of  proliferation  can  be  distinguished  which 
are  almost  certainly  less  than  one  micro-value.  However,  no  provision  has 
been  made  for  a  subdivision  of  the  intervals  since  in  order  to  obtain  a  con¬ 
clusive  assay,  dilutions  must  be  made  which  produce  no  response  difference 
when  compared  in  the  same  bird. 


RESULTS 

Dosage  Change  and  Other  Factors  Affecting  the  Crop-Sac  Comparison 

Doubling  (or  halving)  the  dosage  over  the  entire  response  range.  Using 
our  standard  procedures  and  with  intradermal  injections  at  position  3 
(fig.  3)  the  5  crop-sacs  at  one  dosage  level  were  compared  with  the  other 

5  crop-sacs  from  the  same  5  birds  at  a  doubled  (or  halved)  dosage  (fig. 
1  and  2).  The  approximate  extent  of  the  comparative  difference  is 
indicated  by  the  slope  of  the  short  straight  lines.  The  absolute  level 
of  response  is  indicated  on  the  figures  by  the  position  on  the  ordinate 
at  which  the  comparative  differences  were  judged.  Determinations  of 
the  level  of  response  are  clearly  useless  for  assay  purposes  because  of 
the  wide  variation  between  groups  of  birds  and  the  slight  slope  of  the 
dose-response  curve. 

A  relatively  small  dosage  change.  Experiments  were  undertaken  to 
determine  whether  a  difference  in  dosage  smaller  than  doubled  could 
be  distinguished.  In  order  to  make  the  tests  as  objective  as  possible, 
the  persons  making  the  injections  and  comparing  the  glands  did  not 
know  which  of  the  two  solutions  was  the  stronger.  In  the  4-day  tests 
it  is  seen  (table  1)  that  a  20  per  cent  change  brought  about  a  compara¬ 
tive  response  difference  in  7  or  8  birds.  In  2-day  tests  at  this  total 
dosage  this  dosage  difference  was  ineffective  but  the  level  of  response 
was  much  less.  At  a  total  dosage  2.5  times  larger  these  same  solutions 
were  distinguishable  in  2-day  tests  (table  1).  A  dosage  difference  of 
less  than  20  per  cent  was  not  tried. 

The  2-day  tests  were  tried  following  a  letter  from  Dr.  Bates,  in 
which  he  states  that  he  and  Dr.  Schooley  had  confirmed  our  findings 
in  4-day  tests  and  were  able  also  to  distinguish  the  same  dosage  dif¬ 
ferential  in  2-day  tests. 

The  data  in  table  1  and  the  micro-value  ranges  in  tables  3  through 

6  serve  well  to  illustrate  the  variation  in  response  level  in  young  birds 


micro-values  to  about  14  (bovine  pituitary  No.  78).  Note  also  that  the  variation  in 
response  or  grading  between  groups  of  birds  receiving  the  same  solution  at  the  same 
time  (stair-step  effect)  is  often  equivalent  to  more  than  doubling  the  dosage  (No.  78  at 
.03  mg.,  84C  at  5  gamma  and  rabbit  pituitary  at  .12  mg.). 

Fig.  2  {lower).  Dosage-comparative-response  relationship.  As  in  figure  1,  the  com¬ 
parisons  were  made  on  the  10  crop-sacs  of  5  birds.  The  short  line  slopes  are  all  the  result 
of  a  doubled  (or  halved)  dosage  change  except  the  ‘preparation  from  White’  which  was 
a  four-fold  change. 
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receiving  the  same  dosage.  Even  though  the  individual  responses  may 
vary  from  0  to  8  a  comparison  of  the  right  and  left  crop-sacs  presents 
a  rather  uniform  difference  in  micro-value. 

The  effect  of  a  small  change  in  prolactin  dosage  was  tested  in  an 
even  more  critical  way  by  keeping  the  total  amount  of  dissolved  pow¬ 
der  the  same.  This  was  done  with  4  (Difco,  Sobering,  White  and  84C) 
nearly  equally  potent,  purified  prolactins.  Based  upon  comparative 
potency  they  divided  themselves  into  two  indistinguishable  prepara- 


Table  1.  Detailed  data  comparing  responses  in  the  two  crop-sacs  of  the  same 

BIRD  AS  A  RESULT  OF  A  20  PER  CENT  DOSAGE  CHANGE  IN  BOTH  TWO  AND  FOUR-DAY 

TESTS.  White  king  pigeons  and  difco  prolactin  were  used  throughout 


Total  Dosage  Over 
Crop-Sacs 

Position  Over 

Individual  Comparative 
Response 

Right 

Left 

Right 

Left 

mg. 

mg. 

micro-value 

micro-value 

Four-day  testa  at  a  daily  volume  of  .05  cc. 

.006 

.005 

4‘ 

8 

7* 

4 

3 

4 

3 

8 

7 

.005 

.004 

4 

4 

3 

7 

8 

1 

0 

.  7 

6 

Two-day  teats  at  a  daily  volume  of  .25  cc. 

.015 

.0125 

3 

7 

8 

7 

6 

7 

7 

10 

7 

.0125 

.010 

3 

4 

4 

10 

8 

8 

7 

8 

8 

*  In  subsequent  tables,  unless  otherwise  stated,  the  injection  site  is  position  3  of 
figure  3. 

*  This  pair  of  glands  and  the  majority  of  them  in  this  table  designated  ^  differing 
by  one  micro-value  exhibited  perhaps  the  least  recognizable  difference.  It  is  probable 
that  a  larger  response  difference  produced  by  twice  the  dosage  difference  here  used 
would  also  have  been  designated  1  micro-value.  In  order  to  make  an  assay  within  the 
20  per  cent  limit,  dilution  would  have  to  be  made  until  no  response  difference  was 
produced. 


tions  each.  Upon  repeated  comparisons  at  the  same  dosage  the  two 
powders  comprising  one  set  were  found  to  be  consistently  different 
from  the  two  of  the  other  set.  These  tests  for  comparative  potency 
were  further  confirmed  by  assays  of  each  of  the  preparations  against 
a  5th  one,  the  international  standard. 

For  still  a  further  test  of  the  method,  the  Difco  preparation  which 
was  as  potent  as  any  of  the  others,  was  compared  with  3  different 
dosage  levels  of  the  international  standard.  This  preparation  was 
found  to  be  less  than  28,  more  than  20  and  precisely  24  i.u./mg. 
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Incidentally,  none  of  these  4  preparations  assayed  more  than  24 
i.u./mg*  by  the  systemic  method  (Hall,  1944)  at  low  dosages. 

Effect  of  location  of  the  injection  site.  The  injection  site  in  previous 
reports  on  local  assay  methods  has  been  located  by  the  broad  term 
“over  the  crop-sacs.”  In  birds  well  filled  with  food,  these  areas  are 
two  approximately  circular  regions  on  the  surface  with  diameters  of 

Table  2.  Comparisons  in  the  same  pigeon  of  intradermal  local  injections 

MADE  AT  DIFFERENT  LOCATIONS  IN  THE  CROP-SAC  REGION.  DlFCO  PRO¬ 
LACTIN  WAS  USED  AND  ALL  PIGEONS  WERE  WHITE  KINO 


Site  Over  the 
Crop-Sacs 

Right  Left 

Total 
Dosage  at 
Each  Site 

No.  of 
Birds 

Range 

Average 

Comparative 

Responses* 

mg. 

micro-value 

micro-value 

1* 

.005 

3 

6-7 

6.3 

8 

.005 

2-4 

2.7» 

3 

.005 

3 

6-6 

6.0 

8 

.005 

2-3 

2.3* 

3 

.005 

3 

3-8 

6.0 

5 

.005 

3-4 

3.3 

1 

.005 

4 

4-6 

5.0 

3 

.005 

5-8 

6.5 

1 

.005 

4 

5-6 

5.5 

2 

.005 

6-9 

7.2 

4 

.006 

4 

4-6 

4.7 

2 

.006 

4-6 

5.5 

4 

.004 

4 

2-6 

3.7 

6 

.004 

2-6 

4.0* 

1 

.005 

4 

4-6 

5.0 

7 

.005 

5-8 

6.5* 

‘  In  this  and  subsequent  tables  the  average  comparative  responses  expressed  in 
micro-values  must  always  be  considered  together.  For  example,  in  the  case  of  the  first 
3  birds  in  this  table,  the  average  response  of  6.3  micro-values  must  be  compared  or 
contrasted  with  2.7.  The  micro-value  6.3  alone  has  little  significance.  It  indicates, 
merely,  the  response  level  at  which  the  comparison  was  made.  A  qualitative  comparison 
between  the  two  crop-sacs  of  the  same  bird  could  have  been  recorded.  In  that  case  in 
the  example  cited,  one  would  have  stated  that  3  of  3  crop-sacs  showed  more  stimulation 
after  the  treatment  indicated;  or  comparative  responses  could  have  been  expressed  as 
a  difference  in  comparative  micro-values,  e.g.,  6.3  minus  2.7. 

*  Figure  3  gives  the  approximate  location  of  injection  sites. 

'  Response  areas  were  diffuse. 


of  at  least  6  centimeters.  The  2  crop-sacs  lying  underneath,  are  cup¬ 
shaped  with  only  about  half  of  each  gland  in  contact  with  the  outside 
skin.  The  open  end  of  the  ‘cup’  is  toward  the  midline  and  the  ‘bottom 
of  the  cup,’  or  the  center  of  the  gland,  is  near  the  shoulder  region  (fig. 
3).  Local  administrations  in  the  center  of  the  area  over  the  crop-sac 
would  be  at  the  side  of  the  cup  rather  than  at  the  anatomical  center. 
The  position  (3,  fig.  3)  nearest  the  anatomical  center  (probably  physi- 


20 


HALL 


Volume  34 


ological  center  also)  of  the  gland  showed  more  response  than  any 
other  with  which  it  was  compared  (table  2).  Furthermore,  it  is  inter¬ 
esting  to  note  that  when  compared  with  position  3,  an  administration 
at  position  1  produced  more  response  than  did  injections  at  position 
5.  The  latter  position  is,  of  course,  much  nearer  the  gland  but  farther 
from  the  center  than  is  position  1. 

Route  of  administraiion.  Even  when  intradermal  (intracutaneous) 


Fio.  3.  Outline  drawing  of  the  ventral  side  of  a  pigeon  with  the  wing  pulled  back. 
The  dots  are  feather  follicles.  An  optical  section  of  the  crop-sac  wall  is  in  dotted  outline. 
The  inverted  U  in  the  lower  center  locates  the  anterior  end  of  the  keel. 

injections  are  made  with  utmost  care,  particularly  over  a  4-day 
period  into  the  same  site,  it  is  not  always  possible  to  ‘split’  the  skin 
at  a  uniform  depth.  The  result  is  that  in  some  cases  the  injected  solu¬ 
tion  forms  a  comparatively  large  bleb  very  near  the  surface  and  in 
other  cases  the  solution  is  almost  subcutaneous.  In  the  latter,  the  bleb 
is  small  and  not  raised  much  above  the  skin  surface.  Any  error  from 
this  source  was  found  to  be  negligible  since  we  found  (table  3)  that 
subcutaneous  injections  are  just  as  stimulating  as  intradermal  in¬ 
jections.  In  these  experiments  the  intradermal  injections  always 
formed  large,  high  blebs  while  none  were  discernible  following  the 
subcutaneous  administrations. 

Reece  and  Turner  (1937)  stated  that  unless  the  local  injections 
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Table  3.  Comparisons  in  the  same  bird  of  local  subcutaneotts  and 
INTRADERMAL  INJECTIONS.  ThE  PIGEONS  WERE  ALL  WHITE  KING 


Total 

Dosage  Over 
Each  Crop 

Route' 

Site 

Over 

Crops 

No. 

Birds 

Range 

Average 

Comparative 

Responses 

mg. 

micro-value 

micro-value 

International  standard  prolactin 

.01 

id 

1 

5 

3-9 

5.0 

.01 

sc 

1 

5-9 

7.0 

.02 

id 

4 

3 

3-11 

9.3 

.02 

sc* 

4 

3-12 

10.3 

Difco  prolactin 

.01 

id 

3 

5 

10-14 

11.6 

.01 

sc 

3 

9-12 

10.0 

.005 

id 

2 

3 

2-9 

4.3 

.005 

sc 

2 

3-10 

5.3 

*  id,  intradermal;  sc,  subcutaneous 

*  Subcutaneous  position  identified  by  first  injecting  about  1  cc.  of  air. 


were  made  intradermally  “the  sensitivity  of  the  tests  was  lost.” 
Riddle  and  Bates  (1939)  found  that  subcutaneous  injections  over  the 
crop-sacs  were  “not  much  different  from  subcutaneous  injections  at 
any  other  point  of  the  body.”  The  paucity  of  response  obtained  with 
subcutaneous  injections  by  both  groups  of  workers  may  possibly  be 
explained  by  our  observation  that  unless  special  precautions  are  taken 
many  of  the  supposedly  subcutaneous  injections  actually  are  made 
into  the  crop-sac. 


1 


L 


1 

) 

1 

t 


4 


s 

e 


* 


is 


Table  4.  Comparisons  in  the  same  bird  of  the  effect  of  volume  of  solution 

INJECTED  OR  CONCENTRATION  OF  SOLUTION  ON  THE  RESPONSE  IN  INTRADERMAL 

INJECTIONS.  Five  white  king  pigeons  were  used  in  each  experiment 


Material 

Total 
Dosage 
Over  Each 
Crop 

Daily 

Volume 

Concentra¬ 

tions 

Range 

Average 
Compara¬ 
tive  Re¬ 
sponses 

mg. 

cc. 

mg.  /cc. 

micro-value 

micro-value 

Ext.  of  No.  77 

.100 

.05 

.50 

5-3 

6.4 

Ext.  of  No.  77 

.100 

.10 

.25 

5-3 

6.2 

Lilly  No.  2 

.005 

.05 

.025 

5-6 

5.2 

Lilly  No.  2 

.005 

.25 

.005 

5-7 

6.4' 

Difco 

.005 

.05 

.025 

4-7 

5.5 

Difco 

.005 

.25 

.005 

6-3 

•  7.2' 

Difco 

.005 

.05 

.025 

5-8 

6.4 

Difco 

.005 

.25 

.005 

6-8 

7.2' 

Lilly  No.  2 

.010 

.05 

.050 

3-6 

4.4 

Lilly  No.  2 

.010 

.50 

.005 

5-7 

6.4' 

Difco 

.005 

.05 

.0250 

6-8 

7.0 

Difco 

.005 

.50 

.0025 

6-9 

7.7' 

‘  These  areas  were  larger.  Score  represents  epithelium  height,  rather  than  area. 
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Volume  of  solution  injected.  In  table  4,  it  may  be  seen  that  a  dou¬ 
bled  volume  is  not  a  factor  in  the  response  but  that  when  the  volume 
is  increased  5-  and  10-fold,  the  same  amount  of  hormone  becomes 
more  effective.  These  data  confirm  the  work  of  Bates  and  Riddle 
(1940)  in  the  direction  of  the  change  but  not  in  the  magnitude.  Meites, 
Bergman  and  Turner  (1941)  found  no  change  in  response  resulting 
from  variation  in  volume  of  solution.  The  difference  we  find  at  this 
level  of  response,  w^e  believe,  is  probably  due  to  slower  absorption 
of  the  larger  volume. 

Extracts  of  Pituitary  Tissue  as  Contrasted  with  Suspensions;  the  Effect 
of  Other  Solubility  Factors 

Extracts  versus  suspensions.  In  table  5,  it  may  be  seen  that  dosages 
i,  and  4-  as  great  as  administered  as  extracts  give  more  com- 


Table  5.  Suspensions  of  acetone-deied  and  fresh  pituitary  tissue  com¬ 
pared  IN  THE  SAME  BIRD  WITH  EXTRACTS  OF  SAMPLES  OF  THE  SAME  MATERIAL.  In  ADDI¬ 
TION,  SAMPLES  WITH  DIFFERENT  POTENCIES,  AS  DETERMINED  BY  OTHER  METHODS,  ARE 
COMPARED  BOTH  AS  SUSPENSIONS  AND  EXTRACTS.  FiVE  YOUNG  WHITE  KING  PIGEONS 
WERE  USED  IN  EACH  EXPERIMENT  EXCEPT  THE  ONE  CASE  NOTED 


Material 

Total  Dosage/Crop-Sac 

Range 

Average 

Comparative 

Responses 

Suspensions  Extract  Equiv. 

Acetone-dried 

mg. 

mg. 

micro-value 

micro-value 

beef  No.  86 

.3 

2-7 

4.8 

.06 

3-9 

5.6 

Acetone-dried 

.3 

4r-7 

5.6 

beef  No.  86 

.03 

3-7 

5.4 

Acetone-dried 

.7 

5.9 

6.6 

cow  No.  1498 

.1 

8-11 

9.4 

Acetone-dried 

.06 

1-4 

1.6 

beef  No.  78 

.03 

3-7 

4.2 

Fresh  tissue 

1.5 

3-6 

4.2 

beef  No.  86 

.75 

7-12 

8.0 

Fresh  tissue  calf 

3.0 

4-8 

6.8 

.6 

6-9 

7.4 

Fresh  tissue  calf 

3.0 

3-7 

5.8 

.4 

3-7 

5.4 

Act.  dried 

No.  73 

.8 

2-7 

3.4 

No.  78 

.8 

2-6 

3.6 

No.  73  (.06,  . 

12,  .25,  .5,  1.0,  2.0) 

No  difference  was  detected  in  the 

No.  78  (.06,  . 

12,  .25,  .5,  1.0,  2.0) 

6  groups^  of  birds  in  comparing 

equal  amount  of  No.  73  with  78.* 

Extract  of 

No.  73 

.12 

2-6 

5.0 

No.  78 

.12 

4-10 

7.6 

No.  73 

.06 

3-*6 

4.2 

No.  78 

.06 

4-7 

5.8 

No.  73 

.03 

0-5 

2.0 

No.  78 

.03 

0-7 

4.6 

No.  73 

.015 

0-2 

1.1 

No.  78 

.015 

0-3 

1.4 

Five  groups  of  5  and  1  of  3  birds. 

*  There  were  great  differences  in  response  level  between  groups  of  birds.  For  exam¬ 
ple,  the  16-fold  increase  in  dosage  of  pituitary  tissue  between  .12  and  2.0  mg.  covered 
almost  the  entire  response  range. 
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parative  response  than  samples  of  the  same  acetone-dried,  powdered 
tissue  injected  in  suspension.  When  1/10  the  dosage  was  given  as  an 
extract,  the  responses  were  about  the  same.  Comparisons  of  effective¬ 
ness  of  extracts  and  suspensions  of  fresh  tissue  gave  results  quite 
similar  to  those  obtained  with  the  acetone-dried  material  (table  5). 
From  comparisons  not  shown  in  the  table,  the  glands  from  rabbits 
also  indicated  more  than  5-fold  increase  response  from  the  use  of  the 
extract. 

Can  pituitary  tissues  differing  in  prolactin  potency  as  much  a^  100 
per  cent  he  distinguished  when  administered  as  suspensions?  The  vast 
amount  of  data  recorded  on  prolactin  content  of  suspensions  of  sev¬ 
eral  types  of  pituitaries  made  it  desirable  to  learn  to  what  extent  dif¬ 
ferences  in  prolactin  potency  could  be  detected  in  glands  adminis¬ 
tered  in  this  way. 

For  these  experiments  acetone-dried  cattle  pituitaries.  No.  73 
and  78  were  chosen.  Extracts  of  No.  73  assayed  .67  +  .1  u/mg.  by  the 
systemic  crop-sac  weight  method  (Hall,  1944),  and  the  other  when 
assayed  as  No.  73  on  young  pigeons  of  the  same  shipment  (Hall, 
1944),  was  found  to  be  twice  as  potent  (1.7 +  .3  u/mg.).*  Samples  of 
these  two  powders  administered  as  suspensions  and  compared  on  the 
two  sides  of  the  birds  in  6  groups  of  young  pigeons  at  6  different  total 
dosage  levels  (table  5),  before  our  numerical  system  of  grading  was  in 
practice,  showed  no  response  difference  at  any  dosage  level.  These 
powders  were  again  compared  as  suspensions,  sometime  later,  on  one 
group  of  5  birds  and  again  they  could  not  be  distinguished  (table  5). 

\^en  extracts  of  these  powders  were  compared  on  4  groups  of 
birds  at  4  dosage  levels,  lot  No.  78  produced  greater  responses  at  all 
dosages  (table  5).  The  magnitude  of  these  differences  in  comparative 
micro-value  may  be  approximated  from  the  dose-response  relation¬ 
ship  of  the  extract  of  No.  78  (fig.  1).  In  this  figure  it  is  seen  that  dou¬ 
bling  the  dosage  of  this  extract  produces  about  the  same  micro-value 
increase  as  when  comparing  No.  73  with  No.  78  at  the  4  dosage  levels. 
This  estimate  confirms  the  systemic  assay  data. 

It  is  notable  that  increasing  the  dosages  in  mg.  of  either  of  these 
(No.  73  or  78)  samples  did  bring  about  more  of  an  increase  in  response 
than  would  be  expected  from  the  increase  in  prolactin  dosage  (table 
5).  Since  suspensions  leave  80  to  90  per  cent  of  the  prolactin  unac¬ 
counted  for,  a  change  in  tissue  dosage  probably  measures  relative 
absorption  volume  of  tissue  more  than  relative  prolactin  content. 

The  effect  of  acetone-desiccation  and  volume  of  extracting  fluid.  When 
fresh  tissue  suspensions  of  both  cattle  and  rabbit  pituitaries  were 
compared  with  an  equivalent  weight  of  acetone-dried  suspension  by 
the  local  intradermal  method,  a  slightly  greater  response  resulted 
from  the  fresh  tissue. 

‘  These  values  in  unitage  of  prolactin  potency  are  probably  more  than  inter¬ 
national  units  and  certainly  no  less.  Prolactin  assays  of  cow  pituitaries  using  birds  of 
the  same  shipment  and  the  glands  from  these  males,  gave  values  above  2  u/mg. 
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It  was  found  that  the  effect  of  the  volume  of  extracting  fluid  was 
not  an  important  factor  in  the  response  in  concentrations  varying  as 
much  as  100-fold. 


DISCUSSION 

Assay  method.  The  method  of  prolactin  assay  in  the  crop-sac  of  the 
pigeon  described  by  Reece  and  Turner  (1937)  also  took  advantage  of 
the  side-to-side  comparison  of  response  above  minimum.  Unfor¬ 
tunately,  their  method  depended  upon  converting  responses  above 
and  below  “unit”  size  (a  proliferated  area  about  the  size  of  a  nickel) 
into  terms  of  this  size.  The  dose-response  concept  used  for  the  con¬ 
version  was  arrived  at  from  a  comparison  of  responses  produced  by 
suspensions  of  0.5  and  1.0  mg.  of  acetone-dried  pituitary  powder.  The 
degree  of  proliferation  when  converted  into  “units”  could  be  used  by 
the  Reece-Turner  (1937)  method  as  an  expression  of  level  of  response 
for  a  group  of  birds.  From  the  published  results  of  the  Missouri 
.laboratory  it  appears  that  this  has  been  done  and  moreover  average 
levels  of  response  for  groups  frequently  are  considered  just  as  sig¬ 
nificant  as  comparisons  of  responses  in  the  same  bird  (for  example, 
Meites  and  Turner,  1942  b,  1942  c,  1942  d). 

The  minimum-micro  method  of  the  Missouri  workers  (Bergman, 
et  al.,  1940)  should  not  be  confused  with  their  Reece-Turner  method 
or  with  the  method  here  presented.  The  minimum-micro  method  fails 
to  take  advantage  of  the  comparison  of  the  two  glands  of  the  same 
bird  and  hence  is  comparable  in  reliability  to  determination  of  a 
group  level  of  response.  Recently  Hurst  and  Turner  (1942)  called 
attention  to  the  sensitivity  and  “repeatability”  of  their  minimum- 
micro  technique.  From  our  data  there  is  little  doubt  that  repeated 
administrations  of  equal  amounts  of  suspensions  of  pituitary  tissue 
will  give  quite  similar  results.  As  is  to  be  expected,  the  data  of  Hurst 
and  Turner  showed  a  relatively  steep  dose-response  relationship  when 
unequal  amounts  of  suspended  tissue  were  contrasted  in  different 
bird  groups.  Actually,  local  tests  of  suspensions  are  a  good  measure  of 
pituitary-tissue  dosage  but  are  almost  useless  as  a  test  for  total  or 
relative  prolactin  content. 

Prolactin  potency  of  pituitary  glands.  The  use  of  suspensions  by  the 
Missouri  laboratory  is  no  doubt  the  main  cause  for  pituitary  prolactin 
values  (summarized  in  international  unitage,  Hurst  and  Turner, 
1942)  K  to  1/10  of  that  which  we  And  with  the  assay  method  here 
described  for  the  same  species  (rat,  guinea  pig,  cattle  and  sheep). 
Our  data  confirm  the  order  of  potency  for  cattle  reported  by  Chance, 
Rowland  and  Young  (1937)  and  for  cattle  and  the  rabbit,  by  Fried¬ 
man  and  Hall  (1941),  both  of  whom  used  extracts,  expressing  values 
in  Riddle-Bates  units.  The  assay  methods  used  by  the  Missouri  group 
as  well  as  their  frequent  failure  to  employ  a  prolactin  standard  in  the 
Reece-Turner  method  are,  of  course,  sources  of  additional  error  of 
unknown  magnitude. 
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Comparison  of  pituitaries  of  beef  cattle  with  those  of  dairy  cattle.  In 
comparisons  between  beef  and  dairy  cattle  (besides  those  in  table  5, 
No.  73  vs.  78)  using  cows  and  heifers  and  both  assay  methods,  we 
found  no  more  prolactin  per  mg.  of  tissue  in  the  pituitary  glands  of 
dairy  animals.  Using  suspensions  Reece  and  Turner  (1937)  and 
Turner  (1939)  reported  up  to  72  per  cent  more  prolactin  from  the 
glands  of  dairy  animals. 

The  local  action  of  prolactin.  Lahr,  Bates  and  Riddle  (1943)  found 
that  plucking  the  feathers,  splitting  the  skin  or  the  injection  of  .9 
per  cent  sodium  chloride  in  the  crop-sac  region  caused  a  slight  and 
temporary  increase  in  the  rate  of  cell  division  of  the  crop-sac  epi¬ 
thelium.  They  concluded  that  increased  rate  of  mitosis  “is  compatible 
with  successful  use  of  the  method.”  How^ever,  they  found  that  many 
substances,  acting  as  local  irritants  caused  a  prolonged  increase  in 
mitotic  rate  together  with  positive  macroscopic  response  and  notable 
skin  reaction.  We  have  fully  confirmed  the  production  of  these  “re¬ 
sponses”  with  many  of  the  substances  used  by  them.  But  we  find  that 
multiplying  the  dosage  of  tannic  acid  (2  mg.)  and  other  non-specific 
substances  several-fold  does  not  increase  the  “response”  and  in  our 
experience  these  artifacts  are  never  as  large  as  our  micro-value  of  5. 
The  local  action  of  tannic  acid,  for  example,  in  the  above  observation 
is  in  marked  contrast  with  the  steep  dose-response  relationship  of 
purified  prolactin  and  the  amount  of  the  hormone  (approximately 
1/1000  as  much)  necessary  to  produce  a  corresponding  stimulation. 

It  is  our  experience  that  either  whole  blood  or  serum  of  rabbits 
produces  a  marked  skin  reaction  and  the  accompanying  near-mini- 
mum  crop-response.  Attempts  to  extract  prolactin  by  the  usual 
methods  from  lactating  cows’  blood  have  failed.  Dialysed  and  precip¬ 
itated  urine  from  the  several  species  tried  yielded  a  material  fairly 
free  of  marked  toxicity.  Very  large  doses  of  such  substances  have  not 
produced  in  our  local  tests  more  proliferation  than  non-specific  ma¬ 
terials.  However,  the  hormone  has  been  recovered  from  the  blood  and 
urine  of  rabbits  injected  intravenously  with  the  prolactin  equivalent 
of  several  hundred  rabbit  pituitaries.  Attempts  to  assay  prolactin 
of  doubtful  origin  by  local  methods  should  not  be  made  until  the  pres¬ 
ence  of  the  hormone  has  been  proved  by  the  systemic  method  or  until 
the  effective  dosage  has  been  reduced  to  a  reasonable  figure.  (Meites 
and  Turner,  1941,  1942  a,  are  of  a  different  opinion.)  Fleischer’s 
(1943)  observation  that  prolactin  is  soluble  in  absolute  methanol  will 
prove  useful  in  this  connection.  Riddle  and  Bates  (1939)  suggested 
that  the  local  micro  methods  might  be  useful  as  qualitative  tests  and 
only  the  systemic  as  quantitative.  The  reverse  is  prehaps  more  likely. 
Of  utmost  importance  in  considering  the  specificity  of  the  action  of 
locally  administered  prolactin,  is  our  repeated  observation  that  very 
nearly  the  same  assay  values  are  obtained  by  both  the  local  and 
systemic  methods  for  extracts  of  pituitary  tissues  and  prolactin 
preparations  of  varying  degrees  of  purity. 
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SUMMARY 

A  method  is  presented  in  detail  for  assaying  prolactin,  following 
local  administration,  by  comparing  responses  in  the  two  crop-sacs  of 
the  same  young  pigeon.  The  dose-comparative-response  relationship 
for  this  method,  with  both  crude  extracts  of  anterior  pituitary  tissue 
and  purified  prolactin,  was  investigated. 

A  20  per  cent  change  in  dosage  was  detected  in  the  8  crop-sacs  of 
4  birds  in  both  2-  and  4-day  tests.  A  change  of  100  per  cent  in  dosage 
w^as  not  uniformly  detected  by  determinations  of  the  level  of  response 
in  groups  of  birds. 

The  following  tw'o  factors  in  the  administration  of  prolactin  solu¬ 
tions  were  found  to  affect  the  response  significantly:  a)  Location  on 
the  skin  of  the  injection  site  with  respect  to  the  underlying  crop-sac. 
6)  The  volume  of  the  solution  injected.  Nearly  equal  responses  were 
elicited  following  both  subcutaneous  and  intradermal  administrations. 

The  two  following  factors  in  the  preparation  of  pituitary  tissue 
w^ere  found  to  affect  the  response  significantly:  a)  The  use  of  suspen¬ 
sions  of  either  acetone-dried  or  fresh  tissues  instead  of  extracts,  b) 
Acetone  desiccation.  The  volume  of  extracting  fluid  was  found  not  to 
be  a  factor  affecting  the  response. 

Two  samples  of  acetone-dried  pituitary  tissue,  one  of  which  was 
half  as  potent  in  prolactin  as  the  other,  were  not  distinguishable  when 
administered  as  suspensions  but  gave  the  expected  comparative  re¬ 
sponses  when  administered  as  extracts.  Pituitary  prolactin  potencies 
for  several  species  were  found  to  be  5  to  10  times  that  reported  by  the 
Missouri  laboratory.  The  probable  reasons  for  lack  of  better  agree¬ 
ment  are  discussed. 


The  writer  is  greatly  indebted  to  Mr.  J.  D.  Hunt  of  this  Division  for  his  technical 
assistance. 
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FLUORESCENT  AND  HISTOCHEMICAL  REACTIONS  IN 
THE  RAT  THYROID  GLAND  AT  DIFFERENT  STATES 
OF  PHYSIOLOGICAL  ACTIVITY' 


EDWARD  W.  DEMPSEY 

From  the  Department  of  Anatomy,  Harvard  Medical  School 
BOSTON,  MASSACHUSETTS 

The  present  study  was  prompted  by  the  recent  demonstration 
that,  in  the  rat,  the  rate  of  secretion  of  the  thyroid  hormone  can  be 
manipulated  and  controlled  at  will  by  an  experimental  procedure 
which  consists  of  exposing  the  animals  to  different  environmental 
temperatures  and  of  administration  of  thyroxin  or  of  the  antithyroid 
drug,  thiouracil  (Dempsey  and  Astwood,  1943).  Such  an  experimental 
method  of  controlling  the  secretion  of  the  thyroid  provides  a  basis 
for  the  study  of  the  cytological  counterparts  of  the  secretory  process. 

It  has  long  been  known  that  many  animal  tissues  fluoresce  w'hen 
exposed  to  ultraviolet  light.  Although  it  has  been  suggested  repeatedly 
(cf.  Bernard  and  Welch,  1936)  that  studies  of  the  fluorescence  of  tis¬ 
sues  would  yield  important  results,  few  attempts  have  been  made  to 
identify  the  substances  responsible  for  the  emission  of  light  or  to  cor¬ 
relate  the  changes  in  luminosity  of  a  given  tissue  in  different  physio¬ 
logical  states.  The  present  paper  is  an  account  of  observations  on 
certain  of  the  fluorescent  and  histochemical  reactions  of  the  thyroid 
gland  under  controlled  experimental  conditions  of  physiological 
activity.  ^ 

MATERIAL  AND  METHODS 

The  thyroid  glands  from  young  albino  rats  which  had  been  killed  with 
chloroform,  illuminating  gas  or  by  decapitation,  were  used.  The  glands  were 
dissected  carefully,  weighed  on  a  Roller-Smith  torsion  balance,  and  placed 
in  a  variety  of  fixatives. 

Glands  to  be  used  for  fluorescence  studies  were  placed  in  various  fixa¬ 
tives  and  reagents,  including  10  per  cent  formalin,  formamide,  50  per  cent 
and  70  per  cent  alcohol,  acetone,  5  per  cent  potassium  bichromate,  am¬ 
monium  sulfate  of  different  concentrations,  physiological  saline  and  Susa’s 
fluid.  After  immersion  for  various  periods  of  time  in  these  solutions,  frozen 
sections  20m  in  thickness  were  prepared,  mounted  in  glycerine  on  quartz 
slides,  and  covered  with  a  glass  coverslip.  The  sections  were  observed  through 
an  ordinary  microscope  using  a  strong  beam  of  ultraviolet  rays  derived  by 
concentrating  the  light  from  a  carbon  arc  by  means  of  quartz  collumating 
and  condensing  lenses  and  by  filtering  through  a  copper  sulfate  solution  and 
a  corex  filter  #586.  Fluorescence  strong  enough  to  permit  the  use  of  mag¬ 
nifications  up  to  900  diameters  was  obtained  by  this  method. 

The  sections  prepared  for  observation  of  their  fluorescence  were  also 

Received  for  publication  October  7,  1943. 
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studied  optically  for  birefringence  with  the  aid  of  a  Spencer  research  model 
polarizing  microscope. 

The  mineral  ash  distribution  in  the  elements  of  the  thyroid  gland  was 
determined  after  microincineration  of  5/i  paraflSn  sections.  For  these  observa¬ 
tions,  the  tissue  was  prepared  by  fixation  in  formalin-absolute  alcohol  mix¬ 
tures  as  recommended  by  Scott  (1933). 

Peroxidase  and  cytochrome-oxidase  reactions  were  carried  oUt  on  un¬ 
fixed  frozen  sections  of  the  rat  thyroid.  For  demonstrations  of  peroxidase, 
the  method  selected  consisted  of  catalysis  by  the  tissue  of  the  formation  of 
paraquinone  di-imide  from  benzidine  in  the  presence  of  hydrogen  peroxide. 
Cytochrome  oxidase  was  demonstrated  by  the  formation  of  indophenol  from 
a-naphthol  and  paraphenylenediamine. 

OBSERVATIONS 

Effect  of  Different  Chemical  Agents  on  Fluorescence  of  the  Thyroid  Gland 

Intrafollicular  colloid.  Blue  fluorescence  of  strong  intensity  was 
observed  in  the  intrafollicular  colloid  after  a  variety  of  procedures: 
i.e.,  immersion  of  thyroids  in  acetone,  50-70  per  cent  alcohol,  satu¬ 
rated  or  two-thirds  saturated  ammonium  sulfate  and  Susa’s  fixative. 
The  colloid  from  glands  treated  with  formamide,  potassium  dichro¬ 
mate  and  half-saturated  ammonium  sulfate  also  fluoresced  with  a 
blue  color  but  with  decreased  intensity.  After  inmiersion  in  10  per  cent 
formalin,  dilute  ammonium  sulfate  (quarter-saturated  or  less)  and 
physiological  saline,  the  intrafollicular  content  did  not  fluoresce. 

Follicular  cells.  Strong  whitish  fluorescence  characterized  the  fol¬ 
licular  cells  after  treatment  of  the  glands  with  many  of  the  procedures 
mentioned  above.  This  luminosity  was  evenly  distributed  throughout 
the  cells  except  for  the  region  of  the  nucleus  which  appeared  dark. 
The  fluorescence  was  strongest  after  immersion  in  formalin,  saturated 
and  half-saturated  ammonium  sulfate,  Susa’s  solution,  and  acetone 
and,  although  weaker,  was  still  present  after  quarter-saturated  am¬ 
monium  sulfate,  acetone  and  formamide.  Immersion  in  physiological 
saline  was  followed  by  very  faint  luminosity. 

The  fluorescence  of  the  follicular  cells  was  relatively  strong  after 
fixation  in  alcohol.  The  color,  however,  was  yellowish  rather  than 
.  white  as  was  the  case  with  the  other  procedures. 

Connective  tissue.  Throughout  the  thyroid  gland,  the  capsular  and 
interfollicular  connective  tissue  was  revealed  by  its  fluorescence. 
There  appeared  to  be  two  types  of  tissue,  one  of  which  characteris¬ 
tically  fluoresced  white,  the  other  a  bright  blue.  The  tissue  making 
up  the  outer  capsule  of  the  gland  was  uniformly  white.  The  interfol¬ 
licular  stroma,  however,  was  mixed,  appearing  either  blue  or  white  or 
mixtures  of  the  two  without  any  discernible  pattern.  The  fluores¬ 
cence  of  both  elements  reacted  alike  with  respect  to  the  various 
solvents  and  fixatives.  It  was  preserved  by  acetone,  saturated  or  half- 
saturated  ammonium  sulfate,  formalin,  Susa’s  fluid  and  alcohol.  The 
fluorescence  was  still  present,  although  reduced  in  intensity,  after 
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iinmersion  of  the  gland  in  formamide,  potassium  dichromate  and  di¬ 
lute  salt  solutions. 

Pigment.  The  thyroids  from  most  of  the  animals  contained  vari¬ 
able  amounts  of  pigment,  interspersed  in  the  connective  tissue  frame¬ 
work  of  the  glands.  This  pigment  usually  appeared  as  small  patches 
of  discrete  granular  material,  although  at  times  it  was  seen  more 
widely  dispersed  in  the  stroma.  When  viewed  with  the  ordinary  micro¬ 
scope  it  was  recognizable  by  its  yellowish  color.  Upon  examination 
with  the  aid  of  ultraviolet  light,  it  was  uniformly  revealed  by  a  char¬ 
acteristic  reddish-brown  fluorescence  of  strong  intensity.  This  fluo¬ 
rescence  was  not  appreciably  altered  by  treatment  with  any  of  the 
chemical  agents  utilized  in  this  study. 

Effect  of  Combinations  of  Chemical  Treatments  on  the  Fluorescence  of 
the  Normal  Thyroid 

After  demonstrating  the  characteristic  differences  in  the  fluores¬ 
cence  of  thyroid  glands  after  immersion  in  various  chemical  agents  as 
described  above,  the  following  experiments  were  introduced  to  deter¬ 
mine  whether  any  changes  in  fluorescence  which  might  occur  could 
be  attributed  to  an  inactivation  of  the  fluorescent  compounds  or  to 
the  solution  of  the  compounds  in  the  fluid  reagents  employed.  The 
thyroids  were  first  fixed  in  alcohol  and  the  frozen  sections  were  cut 
and  placed  in  10  per  cent  formalin.  After  immersion  for  10  minutes  to 
3  hours  in  the  formalin,  the  sections  were  mounted  and  studied  in 
the  usual  way.  Examination  revealed  that  the  fluorescence  was  iden¬ 
tical  with  that  seen  after  fixation  in  alcohol  alone,  i.e.,  the  blue 
fluorescence  of  the  intrafollicular  colloid  had  not  been  altered  by 
formalin.  Similarly,  in  the  converse  experiment,  fixation  in  formalin 
followed  by  immersion  in  alcohol  did  not  alter  the  picture  character¬ 
istically  presented  after  formalin  flxation  alone.  The  colloid  \vas  not 
fluorescent,  and  the  follicular  cells  emitted  strong  white  fluorescent 
light. 

Similar  experiments  were  performed  testing  the  various  fixatives 
such  as  alcohol,  Susa’s  fluid  and  formalin  against  the  dilute  salt  solu¬ 
tions  and  vice  versa.  In  all  cases  the  fluorescence  of  the  section  was 
identical  to  that  displayed  after  flxation  or  treatment  with  the  first 
agent  alone. 

These  experiments  may  be  summarized  by  the  general  statement 
that  when  two  reagents  cause  different  fluorescent  effects  in  the  thy¬ 
roid,  alternate  treatment  of  the  tissue  with  first  one  and  then  the  other 
leads  to  the  fluorescence  characteristically  produced  by  the  first  sub¬ 
stance  alone.  It  appears,  therefore,  that  irreversible  effects  are  induced 
by  the  first  reagent.  Since  the  reagents  employed  may  be  classified  as 
either  protein  precipitants  or  solvents,  it  appears  likely  that  the 
fluorescence  associated  with  the  thyroid  follicles  and  connective  tissue 
may  be  attributed  to  the  presence  of  protein  substances  of  different 
solubilities. 
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The  changes  in  fluorescence  of  the  thyroid  after  treatment  with 
different  reagents  may,  with  a  single  exception,  be  harmonized  with 
the  assumption  that  the  fluorescent  materials  are  proteins  of  different 
solubility  characteristics.  The  exception  to  this  general  statement 
concerns  the  absence  of  fluorescence  in  the  intrafollicular  colloid  after 
formalin-fixation,  since  this  reagent  is  an  excellent  protein  preserva¬ 
tive.  Consequently,  attention  was  directed  toward  the  characteristics 
of  the  formalin  reaction  in  the  following  experiments. 

Thyroids  were  fixed  in  a  small  quantity  of  10  per  cent  formalin. 
The  supernatant  reagent  was  then  placed  in  a  beam  of  ultraviolet 
light.  Whitish-blue  fluorescence  was  observed  in  the  solution,  while 
formalin  in  which  no  thyroid  tissue  had  been  placed  was  non-fluores- 
cent.  It  is  apparent,  therefore,  that  some  of  the  actively  fluorescent 
material  of  the  thyroid  is  soluble  in  10  per  cent  formalin.  On  the  other 
hand,  the  following  experiment  provides  evidence  that  the  colloidal 
thyroglobulin  is  effectively  precipitated  by  formalin-fixation.  The 
thyroids  from  3  rats  were  fixed  in  5  cc.  of  10  per  cent  formalin.  One 
month  later  the  formalin  was  decanted  and  analyses  for  iodine*  were 
made  in  parallel  upon  the  fixed  glands  and  the  supernatant  solution. 
A  total  of  18  Mg-  of  iodine  was  found  in  the  tissue,  while  1.5  Mg-  was 
present  in  the  formalin  solution.  Since  the  latter  figure  approaches  the 
limit  of  accuracy  of  the  method,  it  would  seem  that  little,  if  any,  of  the 
thyroglobulin  dissolved  into  the  formalin  solution. 

Fluorescence  in  Different  States  of  Activity  of  the  Thyroid 

The  histological  appearance  and  the  rate  of  secretion  of  the  thy¬ 
roid  gland  can  be  influenced  by  altering  the  environmental  tempera¬ 
ture  and  the  administration  of  ‘antithyroid’  drugs  or  of  thyroid  hor¬ 
mone  (Dempsey  and  Astwood,  1943).  Indeed,  it  is  possible  to  produce 
almost  any  variation  in  either  histological  appearance  or  in  physio¬ 
logical  activity  by  suitable  combinations  of  these  three  factors. 
Marked  histological  evidences  of  stimulation  may  be  seen  after  ex¬ 
posure  to  cold  (Cramer,  1928)  or  by  treatment  with  the  antithyroid 
substance  2-thiouracil  (Astwood,  1943).  In  the  former  case  the  physi¬ 
ological  state  is  one  of  active  production  of  thyroid  hormone,  while 
in  the  latter  the  formation  of  thyroid  hormone  is  apparently  inhibited 
completely.  Maintenance  in  a  hot  environment,  or  the  administration 
of  thyroxin,  leads  to  a  histological  appearance  characteristic  of  inac¬ 
tivity.  In  both  of  these  conditions  the  physiological  function  of  the 
gland  is  reduced  (Dempsey  and  Astwood,  1943).  Lastly,  complete 
remission  of  the  hyperplastic  effects  of  thiouracil  may  be  secured  by 
hypophysectomy  or  by  administration  of  thyroxin  (Astwood,  Sulli¬ 
van,  Bissell  and  Tyslowitz,  1943)  so  that  the  histological  picture  re¬ 
turns  to  normal.  Yet,  as  judged  by  determination  of  the  thyroid  io¬ 
dine,  the  colloid  formed  during  such  experimental  remissions  is  de- 

*  The  iodine  determinations  were  made  by  Dr.  E.  B.  Astwood  and  Miss  Adele 
Bissell,  to  whom  grateful  acknowledgment  is  due. 
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ficient  in  thyroxin  (Astwood  and  Bissell,  unpublished).  These  findings 
demonstrate  that,  although  the  thyroid  may  appear  to  be  activated 
histologically,  it  may  or  may  not  be  actively  forming  or  liberating 
thyroid  hormone.  This  conclusion  prompted  an  investigation  of  the 
fluorescence  of  the  thyroid  in  different  physiological  states,  in  an  ef¬ 
fort  to  determine  whether  the  formation  and  secretion  of  the  thyroid 
hormone  are  related  to  any  of  the  fluorescent  elements  demonstrable 
in  histological  sections  of  the  gland. 

The  fluorescence  of  the  various  components  of  the  thyroid  changed 
remarkably  after  certain  of  the  experimental  procedures  outlined  in 
the  preceding  paragraph.  The  markedly  hyperplastic  glands  produced 
by  treatment  with  thiouracil  contained  little  or  no  intrafollicular 
colloid.  Yet  the  small  amounts  of  colloid  which  remained  in  some  of 
the  glands  fluoresced,  after  fixation  in  acetone,  alcohol  and  ammoni¬ 
um  sulfate,  the  characteristic  blue  of  normal  colloid.  The  follicular 
cells  were  greatly  increased  in  height,  and  in  most  of  the  areas  ex¬ 
amined  were  arranged  as  cords  or  plates  rather  than  as  follicles.  These 
cells  fluoresced  with  the  same  colors  (white  or  yellowish,  depending 
upon  the  fixative  employed)  as  did  the  follicular  cells  in  normal 
glands,  but  the  intensity  was  much  diminished.  Nevertheless,  the 
intensity  of  the  fluorescence  of  the  various  components  of  the  gland 
bore  a  definite  relationship  to  the  degree  of  hyperplasia  in  different 
areas  of  the  same  gland  as  well  as  in  different  glands.  The  cells  from 
areas  containing  follicles  with  small  amounts  of  colloid  emitted  more 
light  than  did  similar  cells  from  areas  in  which  the  follicular  organiza¬ 
tion  could  no  longer  be  made  out.  The  connective  tissue  framework 
was  greatly  increased  in  the  hyperplastic  glands,  and  was  easily  the 
most  obvious  structure  in  sections  examined  under  the  fluorescent 
microscope.  Although  the  stroma  was  increased  in  amount,  it  ex¬ 
hibited,  nevertheless,  the  same  colors  and  intensities  of  fluorescence 
as  did  the  interfollicular  tissues  of  the  normal  gland. 

Even  more  apparent  changes  in  the  fluorescence  of  the  thyroid 
were  detected  in  the  glands  of  animals  in  which  remission  of  the  thi¬ 
ouracil  hyperplasia  had  been  induced  by  administration  of  thyroid 
hormone.  Hyperplasia  of  the  glands  of  4  rats  was  brought  about  by 
administering  thiouracil  in  the  drinking  water  for  3  to  6  weeks.  At  the 
end  of  this  period,  the  rats  were  given  free  access  to  food  consisting  of 
2  per  cent  desiccated  thyroid  powder  in  the  normal  colony  diet.  Seven 
to  15  days  after  the  addition  of  the  thyroid  material,  the  rats  were 
killed  and  sections  of  the  thyroids  were  prepared  after  fixation  in  50 
per  cent  alcohol,  acetone,  Susa’s  fluid  or  saturated  ammonium  sulfate. 
Examination  of  these  sections  revealed  that  follicles  filled  with  col¬ 
loid  were  again  present,  yet  the  fluorescence  of  the  colloid  and  the 
follicular  cells  was  very  slight.  The  light  emitted  by  the  colloid  was 
gray  in  color  and  of  very  faint  intensity.  Likewise,  the  follicular  cells 
showed  luminosity  of  a  very  low  degree. 

The  iodine  content  of  the  left  thyroid  was  determined  in  2  of  the 
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above-mentioned  animals  treated  with  thiouracil  and  thyroxin,  while 
fluoroscopic  observations  were  made  on  the  right  glands  from  the 
same  animals.  Values  of  7  and  12  mg.  per  cent  iodine  were  obtained 
from  the  glands  from  the  2  treated  animals,  while  control  values  from 
the  glands  of  normal  rats  averaged  90  mg.  per  cent.  It  is  apparent, 
therefore,  that  the  deficient  fluorescence  of  the  colloid  described  in  the 
preceding  paragraph  is  associated  with  a  similar  marked  deficiency  in 
the  iodine  content,  and  therefore  of  the  hormone  content,  of  the  gland. 

Birefringence  of  the  Thyroid  Gland 

Anisotropicity  of  varying  degrees  was  observed  in  several  elements 
of  the  thyroid  gland.  The  connective  tissue  stroma  contained  doubly 
retractile  fibers  oriented  circumferentially  for  the  most  part  around  the 
thyroid  follicles.  The  follicular  cells  exhibited  a  thin  boundary  of  bi- 
rtfringence  at  their  apical  and  basal  margins,  and,  in  addition,  con¬ 
tained  many  small  spherical  or  rod-shaped  anisotropic  inclusions. 
The  intrafollicular  coUoid  was  not  doubly  retractile. 

The  birefringence  associated  with  the  stroma  differed  from  that 
exhibited  by  the  follicular  cells  in  two  respects.  When  observed  through 
the  polarizing  microscope  with  the  quartz  wedge  in  place,  the  cellular 
elements  were  colored  differently  from  the  stromal  components.  This 
difference  in  color  indicated  that  the  sign  of  the  birefringence  was 
opposite  in  the  two  structures.  These  anisotropic  elements  could  also 
be  differentiated  on  the  basis  of  their  solubilities  in  lipoid  solvents. 
Extraction  of  sections  with  acetone  did  not  affect  the  birefringence  of 
the  stromal  elements,  whereas  the  double  refraction  of  the  follicular 
cells  was  completely  destroyed. 

The  birefringence  of  thyroid  glands  which  were  stimulated  either 
by  exposure  to  cold  or  by  administration  of  thiouracil  differed  only 
slightly  from  that  of  the  normal  thyroid  as  presented  above.  The  intra¬ 
cellular  inclusions  were  somewhat  larger  and  more  numerous  in  the 
h3q)ertrophic  gland.  Likewise,  the  marked  stimulation  of  the  thyroid 
stroma  in  rats  treated  with  thiouracil  was  reflected  in  a  corresponding 
increase  in  the  anisotropic  material  contained  in  the  stroma. 

M  icroincineraiion 

The  distribution  of  inorganic  salts  has  been  studied  in  a  variety  of 
animal  tissues  by  the  method  of  microincineration  (Scott,  1933).  An 
interesting  outgrowth  of  this  study  is  the  fact  that  in  a  number  of 
diverse  structures  the  distribution  of  mineral  ash  corresponds  to  the 
regions  showing  marked  absorption  of  ultraviolet  light  (Scott,  1932). 
Since  fluorescence  requires  the  absorption  of  ultraviolet  rays  and  the 
transformation  of  their  energy  into  radiations  of  longer  wave  length, 
the  question  arose  as  to  whether  the  changes  in  fluorescence,  under  the 
experimental  conditions  described  in  a  preceding  section,  corre¬ 
sponded  with  changes  in  mineral  ash  content.  Accordingly,  the  dis¬ 
tribution  of  ash  was  studied  in  a  number  of  microincinerated  sec¬ 
tions  of  thyroid  gland. 
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The  distribution  of  inorganic  salts  in  the  normal  rat  thyroid  dif¬ 
fered  in  no  important  respect  from  that  in  the  thyroid  of  the  cat  which 
has  been  described  and  illustrated  by  Scott  (1933).  A  detailed  de¬ 
scription,  therefore,  need  not  be  given  here.  A  small  amount  of  ash 
was  present  in  the  colloid,  while  much  greater  amounts  were  visible 
in  the  follicular  cells.  The  concentration  of  the  ash  in  the  follicular 
cells  was  perceptibly  descreased  in  the  glands  which  had  been  stimu¬ 
lated  by  exposure  to  cold  or  by  administration  of  thiouracil.  The 
appearance  of  these  glands  was  such  as  to  suggest  that  the  total 
amount  of  ash  residue  per  cell  remained  constant,  although  the  con¬ 
centration  of  the  mineral  salts  diminished  because  of  dilution  in  the 
larger  cytoplasmic  volume  consequent  upon  the  stimulation  and  en¬ 
largement  of  the  cells  by  the  experimental  procedures.  It  is  apparent, 
therefore,  that  there  is  a  general  correspondence  between  the  ash 
concentration  and  the  intensity  of  fluorescence  in  the  follicular  cells. 
This  finding  is  in  accord  with  the  hypothesis  expressed  by  Policard 
(1928)  and  by  Scott  (1932)  that  the  mineral  content  of  cells  might 
furnish  an  explanation  for  their  capacity  to  absorb  ultraviolet  energy. 
Since  the  energy  re-radiated  in  fluorescence  is  derived  from  the  ab¬ 
sorbed  ultraviolet  rays,  it  is  possible  that  the  intensity  of  fluorescence 
is  controlled  by  the  mineral  salt  content,  whereas  the  color  of  the 
emitted  light  is  a  function  of  the  molecular  structure  of  the  fluorescent 
substance. 

Peroxidase  Reaction 

The  discovery  that  thyroid  hormone  formation  is  prevented  by  the 
sulfonamides  (MacKenzie  and  MacKenzie,  1943;  Astwood,  Sullivan, 
Bissell  and  Tyslowitz,  1943)  and  thioureas  (Astwood,  1943;  Richter 
and  Clisby,  1942)  led  to  the  reflection  that  these  drugs,  which  are 
well-known  antienzymes,  might  act  by  poisoning  an  enzyme  system 
necessary  for  the  synthesis  of  the  thyroid  hormone.  Furthermore, 
there  are  a  number  of  facts  which  suggest  that  the  peroxidase  system 
might  fulfill  the  requirements  for  such  an  enzymatic  process.  Perox¬ 
idase  is  present  in  many  animal  tissues,  it  is  poisoned  by  thiourea 
(Sumner  and  Somers,  1943),  and  it  controls  reactions  similar  in  many 
respects  to  the  condensation  of  diiodotyrosine  into  thyroxin  (Wester- 
feld  and  Lowe,  1942).  These  considerations  prompted  experiments  de¬ 
signed  to  determine  whether  or  not  peroxidase  could  be  demonstrated 
in  sections  of  the  thyroid  gland,  and,  if  so,  whether  the  activity  of  the 
enzyme  could  be  inhibited  by  thiouracil. 

Fresh,  unfixed  thyroid  glands  were  sectioned  on  a  freezing  micro¬ 
tome,  stained  by  the  benzidine  method,  and  mounted  on  glass  slides. 
Most  of  the  sections  were  100/x  in  thickness,  as  it  was  found  that  the 
stain  was  unsatisfactory  in  those  thinner  than  about  50m.  Microscopic 
examination  revealed  that  the  blood  corpuscles  in  the  thyroid  vessels 
were  stained  a  uniform  bluish  black.  In  addition  to  the  erythrocytes, 
however,  the  cells  of  the  thyroid  follicles  also  reacted  with  the  stain 
to  produce  small,  blue  granules.  These  granules  were  rather  uniformly 
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distributed  throughout  the  cytoplasm  except  for  a  slight  condensa¬ 
tion  in  the  nuclear  region.  They  were  demonstrated  with  equal  ease 
in  the  glands  from  normal  animals  and  in  the  greatly  hypertrophied 
glands  from  animals  which  had  been  treated  with  thiouracil. 

The  addition  of  thiouracil  in  dilutions  up  to  1/10,000  to  the  per¬ 
oxide-benzidine  staining  mixture  effectively  prevented  the  formation 
of  the  blue  granules  in  the  follicular  cells.  Thiouracil  also  prevented 
the  staining  of  erythrocytes,  but  the  concentrations  necessary  to  in¬ 
hibit  this  reaction  were  much  higher  than  those  which  completely 
suppressed  the  reaction  in  the  thyroid  parenchyma. 

Cytochrome  Oxidase 

Biological  oxidations,  particularly  oxidations  of  phenols  and 
amines,  may  be  brought  about  by  the  cytochrome  oxidase-cytochrome 
c  system.  This  enzymatic  system  may  be  demonstrated  by  the  devel¬ 
opment  of  indophenol  blue  when  paraphenylenediamine  and  alpha 
naphthol  are  brought  together  in  its  presence. 

Blue  granules  of  indophenol  were  observed  in  the  follicular  cells 
after  treatment  of  thyroid  sections  with  the  nadi  reagents.  These 
granules  were  uniformly  distributed  throughout  the  cytoplasm.  The 
reaction  was  not  inhibited  by  the  addition  of  thiouracil  to  the  reagents 
in  concentrations  up  to  1/1000. 

DISCUSSION 

The  observations  presented  in  this  study  provide  some  evidence  as 
to  the  chemical  nature  of  the  fluorescent  substances  in  the  thyroid  col¬ 
loid.  The  fluorescence  of  the  colloid  is  preserved  by  many  protein 
precipitants  as  well  as  by  gentler  treatment  with  concentrated  am¬ 
monium  sulfate  solutions.  On  the  other  hand,  the  fluorescence  dis¬ 
appears  after  treatment  with  dilute  salt  solution.  In  these  reactions 
the  fluorescent  substances  follow  the  solubility  characteristics  of 
globulins. 

In  addition  to  these  solubility  characteristics,  there  is  evidence 
associating  the  fluorescence  of  the  thyroid  colloid  with  the  thyro- 
globulin  content  of  the  gland.  The  experiments  dealing  with  different 
states  of  thyroid  activity  revealed  that  the  iodine-poor  colloid,  formed 
by  the  gland  under  the  influence  of  thiouracil,  exhibited  diminished 
fluorescence.  Since  there  is  abundant  evidence  that  the  major  fraction 
of  thyroidal  iodine  is  in  the  form  of  thyroglobulin,  it  seems  clear  that 
in  these  experiments  the  content  of  active  hormone  in  the  gland  was 
severely  depleted  despite  the  presence  of  visible  colloid.  The  fact, 
therefore,  that  the  fluorescence  of  the  colloid  disappeared  pari  pa^su 
with  the  hormone  content,  considered  together  with  the  evidence  of 
the  globulin-like  solubility  properties  of  the  fluorescent  substances, 
indicates  that  fluorescence  of  the  normal  colloid  is  associated  with  its 
thyroglobulin  content. 

If  the  hypothesis  expressed  above  be  correct,  an  explanation  is 
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needed  for  the  absence  of  fluorescence  in  the  intrafoUicular  colloid 
after  fixation  in  formalin.  Since  formalin  is  an  excellent  protein  pre¬ 
servative,  it  appears  unlikely  that  it  would  fail  to  precipitate  thyro- 
globulin.  Direct  evidence  on  this  point  comes  from  the  observations 
presented  in  this  study  on  the  effects  of  chemical  treatment  on  fluo¬ 
rescence.  Analyses  of  thyroids  and  supernatant  formalin  demonstrated 
Uttle  or  no  diffusion  of  iodine  from  the  glands,  an  observation  in  keep¬ 
ing  with  the  thesis  that  thyroglobulin  is  precipitated  by  formalin. 
Furthermore,  although  some  fluorescent  substances  do  leach  out  of 
the  tissue  after  prolonged  immersion  in  formalin  (cf.  Haitinger,  1934), 
the  fluorescent  color  of  the  leached  substance  is  whiter  than  is  that 
of  the  colloid.  Consequently,  since  an  iodine-containing,  globulin-like 
substance  i^  associated  with  fluorescence  of  the  colloid,  and  since 
iodine-containing  substances  remain  in  the  thyroid  after  formalin 
treatment,  one  can  only  conclude  that  the  reaction  of  the  fluorescent 
substance  with  formalin  leads  to  the  formation  of  a  new  substance 
without  fluorescent  properties.  Indeed,  such  a  reaction  is  not  particu¬ 
larly  surprising,  since  formalin  is  known  to  enter  into  combination 
with  proteins.  It  is  not  unlikely  that  such  an  alteration  in  molecular 
structure  would  also  alter  the  fluorescent  properties  of  the  compound. 

The  observations  presented  on.  fluorescence  of  the  thyroid  in  dif¬ 
ferent  states  of  activity  focus  attention  also  upon  the  question  of  the 
qualitative  nature  of  the  intrafoUicular  coUoid.  Visible  coUoid  may 
be  formed  by  the  gland  whether  or  not  its  iodine  content  is  normal. 
Consequently,  the  mere  presence  of  coUoid  cannot  be  taken  as  evi¬ 
dence  for  the  presence  of  the  thyroid  hormone,  nor  can  the  amount  of 
coUoid  be  trusted  as  an  index  of  the  total  hormone  content.  A  similar 
conclusion  was  reached  by  Gersh  and  Baker  (1943),  who  demon¬ 
strated  variations  in  the  shape  of  the  ultraviolet  absorption  curves 
obtained  from  the  thyroidal  coUoid  of  animals  after  various  experi¬ 
mental  procedures.  It  seems  evident,  therefore,  that  the  thyroid  can 
manufacture  coUoid  whether  or  not  the  final  product  contains  any 
active  hormone.  This  conclusion  reopens  the  question  of  the  chemical 
nature  of  the  normal  coUoid.  Two  general  alternatives  seem  to  be 
indicated,  namely,  that  the  coUoid  consists  of  a  protein  substance 
which  is  elaborated  by  the  thyroid  gland  and  which  is  capable  of  com¬ 
bining  under  certain  conditions  with  an  active  prosthetic  group  con¬ 
taining  iodine,  or  that  the  coUoid  is  normally  a  mixture  of  an  inert 
protein  and  an  active  iodine-containing  substance.  The  first  hypothe¬ 
sis  envisions  the  elaboration  of  coUoid  as  a  chain-reaction,  one  step 
of  which  may  be  omitted  with  a  consequent  deficiency  in  the  final 
product,  while  by  the  second  hypothesis  two  independent  processes, 
normally  occurring  at  consonant  rates,  are  postulated. 

The  altered  fluorescence  of  the  intrafolUcular  coUoid  after  adminis¬ 
tration  of  both  thiouracil  and  thyroid  hormone,  but  not  after  thioura- 
cU  alone,  has  interesting  impUcations  concerning  the  formation  and 
release  of  the  stored  material  of  the  thyroid.  These  observations  in- 
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dicate  a  quantitative  depletion  but  no  qualitative  change  in  the  colloid 
during  the  development  of  thiouracil-induced  hyperplasia.  On  the 
other  hand,  administration  of  both  drugs  after  hyperplasia  has  oc¬ 
curred,  leads  to  the  reappearance  of  colloid  which  is  qualitatively  dif¬ 
ferent  by  virtue  of  its  dim  grey  fluorescence.  Since  thiouracil  alone 
increases  thyrotropic  hormone  production,  while  the  additional  ad¬ 
ministration  of  thyroxin  suppresses  this  activity  (Dempsey  and  Ast- 
w'ood,  1943),  pituitary  activation  apparently  results  only  in  the  release 
of  colloid  from  the  gland,  while  suppression  of  the  pituitary  stimulus 
causes  secretion  of  colloid  into  the  intrafollicular  spaces. 

About  the  fluorescence  of  the  follicular  cells  less  can  be  said.  The 
intensities  of  luminescence  observed  after  treatment  with  the  various 
agents  utilized  in  this  study  indicate  that  the  fluorescent  material 
contained  within  the  cytoplasm  of  the  cells  has  the  characteristics  of 
a  protein  or  proteins  somewhat  less  soluble  than  the  globulins. 

The  relationship  between  the  degree  of  fluorescence  of  the  follicu¬ 
lar  cells  and  their  state  of  physiological  activity  indicates  that  not  all 
components  of  the  cell  are  equally  increased  in  amount  during  cellular 
hypertrophy.  During  hyperplasia  of  the  thyroid  gland,  the  cellular 
fluorescence  becomes  progressively  diminished  in  intensity.  This  fact 
does  not  necessarily  mean  that  the  substance  which  emits  the  fluo¬ 
rescent  light  is  depleted  in  amount,  since  the  same  effect  could  be  pro¬ 
duced  by  the  depletion  of  some  mineral  constituent  necessary  for 
the  transfer  of  the  ultraviolet  energy  to  the  radiating  substance. 
Indeed,  this  latter  hypothesis  is  rendered  somewhat  more  likely  by 
the  observations  that  ultraviolet  absorption  is  greatest  in  regions 
having  the  greatest  concentrations  of  inorganic  salts  (Scott,  1932), 
and  that,  as  demonstrated  in  the  present  experiments,  the  decline  in 
fluorescence  is  accompanied  by  a  similar  decrease  in  concentration  of 
the  mineral  ash  in  microincinerated  sections  of  the  thyroid  gland.  In 
any  case,  however,  the  fall  in  intensity  of  fluorescence  would  seem  to 
be  caused  by  a  decreased  concentration  of  some  substance,  the  func¬ 
tion  of  w'hich  is  to  absorb,  transform  or  radiate  the  energy  of  the 
incident  ultraviolet  light.  It  is  therefore  a  necessary  consequence  that 
the  enlargement  of  the  thyroid  cell  reflects  an  altered  state  in  the 
chemical  composition  of  its  cytoplasm. 

The  experiments  dealing  with  the  enzyme  content  of  the  thyroid 
gland  provide  an  anatomical  basis  for  speculations  concerning  the 
mechanism  of  formation  of  the  thyroid  hormone.  It  has  been  shown 
previously  that  the  hyperplasia  induced  by  administration  of  anti- 
th3T'oid  drugs  is  prevented  or  repaired  by  thyroxin  (MacKenzie  and 
MacKenzie,  1943;  Astwood,  Sullivan,  Bissell  and  Tyslowitz,  1943), 
but  not  by  diiodotyrosine  (Dempsey  and  Astwood,  1943).  It  appears, 
therefore,  that  the  antithyroid  drugs  prevent  the  condensation  of 
diiodotyrosine  into  thyroxin.  Since  a  chemically  analogous  condensa¬ 
tion  of  paracresol  into  a  quinol  ether  linkage  can  be  brought  about 
by  catalysis  with  peroxidase  (Westerfeld  and  Lowe,  1942),  it  appears 
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reasonable  to  postulate  that  this  enzyme  also  catalyzes  the  formation 
of  thyroxin.  Moreover,  it  is  also  known  that  peroxidase  is  inhibited 
by  thiourea  (Sumner  and  Somers,  1943),  a  substance  which  also  has 
antithyroid  activity  (Astwood,  1943).  Some  doubt  has  been  expressed 
that  peroxidase  is  present  in  animal  tissues,  since  it  is  known  that 
other  iron  porphyrin  compounds  of  animal  origin  also  give  reactions 
similar  to  those  of  peroxidase.  Because  of  this  doubt  and  possible  ob¬ 
jection  to  the  present  hypothesis,  it  was  necessary  to  demonstrate 
the  presence  of  peroxidase  in  the  thyroid  gland  as  well  as  its  behavior 
under  the  conditions  of  our  experiments. 

The  formation  of  blue  granules  in  the  thyroid  cells  after  treatment 
with  benzidine  and  hydrogen  peroxide  is  presumptive  evidence  for 
the  presence  of  peroxidase.  The  best  support  for  the  contention  that 
this  reaction  was  not  caused  by  hemoglobin  comes  from  the  fact  that 
the  reaction  was  quite  discrete  and  showed  no  evidence  of  continuity 
between  the  erythrocytes  and  the  cellular  granules.  Of  less  importance 
is  the  observation  that  the  cellular  reaction  was  inhibited  by  concen¬ 
trations  of  thiouracil  much  smaller  than  those  necessary  for  the  in¬ 
hibition  of  the  reaction  in  the  blood  elements.  This  latter  observation 
offers  no  satisfactory  proof,  for  it  might  readily  be  explained  by  the 
greater  concentration  of  the  iron  compound  in  the  erythrocytes  than 
in  the  thyroid  cells.  It  is  unlikely  that  the  reaction  was  caused  by  the 
presence  of  cytochrome  oxidase,  because  this  enzyme,  although  pres¬ 
ent  in  the  thyroid  cells  as  revealed  by  treatment  with  the  nadi  re¬ 
agents,  was  not  inhibited  by  thiouracil.  On  the  basis  of  these  observa¬ 
tions,  it  seems  reasonable  to  conclude  that  the  thyroid  cells  contain 
a  true  peroxidase  and  that  this  enzyme  may  be  inhibited  in  the  fol¬ 
licular  cells  by  antithyroid  drugs. 

The  hypothesis  developed  above  does  not  exclude  the  participation 
of  thiouracil  in  preventing  the  synthesis  of  thyroid  hormone  in  other 
w'ays.  For  example,  peroxidase  is  known  to  set  free  iodine  from  iodides. 
The  failure  of  such  a  reaction  in  the  thyroid  gland  could  conceivably 
prevent  the  iodination  of  tyrosine,  and  thus  interfere  with  the  thy¬ 
roxin  synthesis.  Such  an  explanation,  however,  does  not  account  for 
the  failure  of  thyroid  hormone  formation  after  the  administration  of 
diiodo tyrosine  and  thiouracil  (Dempsey  and  Astwood,  1943).  Conse¬ 
quently,  it  appears  that  whether  or  not  thiouracil  inhibits  syntheses 
of  other  compounds,  it  probably  prevents  the  etheric  condensation 
of  diiodotyrosine  into  thyroxin. 

SUMMARY  AND  CONCLUSIONS 

The  autofluorescence,  birefringence,  mineral  salt  distribution  and 
oxidative  enzymes  of  the  rat  thyroid  were  studied  under  conditions 
of  different  secretory  activity.  The  phases  of  secretory  activity  were 
secured  by  exposure  of  the  rats  to  hot  and  cold  environments,  by  the 
administration  of  thyroxin  or  the  antithyroid  drug,  thiouracil,  or  by 
combinations  of  these  procedures. 
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The  intrafollicular  colloid  contained  a  substance  which  fluoresces 
blue,  and  which  had  solubility  characteristics  similar  to  those  of 
thyroglobulin.  This  colloid  component  is  directly  related  to  the  iodine 
content  of  the  thyroid,  since  the  iodine-poor  colloid  formed  during 
administration  of  thyroxin  and  thiouracil  lacked  the  characteristic 
blue  fluorescence.  It  seems  probable,  therefore,  that  the  fluorescence 
of  the  thyroid  colloid  is  associated  with  the  thyroglobulin  content  of 
the  follicle. 

The  connective  tissue  stroma  and  the  thyroid  follicular  cells  were 
also  fluorescent.  The  fluorescent  compounds  of  these  elements  were 
less  soluble  than  was  that  of  the  colloid. 

Birefringent  elements  were  observed  in  the  follicular  cells  and  in 
the  stromal  tissues.  The  connective  tissue  elements  were  increased  in 
hyperplastic  glands. 

Mineral  salts  were  detected  by  the  examination  of  microincin¬ 
erated  sections.  The  ash  concentration  within  the  follicular  cells  was 
decreased  in  hyperplastic  glands.  The  possible  relationship  of  this 
change  of  concomitant  changes  in  fluorescence  is  discussed. 

Peroxidase  and  cytochrome  oxidase  were  demonstrated  in  the 
thyroid  follicular  cells  by  the  benzidine  and  the  a-naphthol-para- 
phenylenediamine  reactions,  respectively.  The  peroxidase  reaction 
was  easily  inhibited  by  the  addition  of  thiouracil  to  the  reagents,  while 
the  cytochrome  oxidase  reaction  was  not  affected  by  this  treatment. 
These  observations  bear  upon  the  mode  of  formation  of  thyroxin, 
and  suggest  a  possible  action  of  antithyroid  drugs  in  preventing  the 
synthesis  of  the  thyroid  hormone. 
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DIFFERENTIAL  CONCENTRATION  OF  HORMONES  IN 
THE  CENTRAL  AND  PERIPHERAL  ZONES  OF  THE 
BOVINE  ANTERIOR  PITUITARY  GLAND^ 

GEORGE  K.  SMELSER 

From  the  Department  of  Ophthalmology,  College  of  Physicians  and 
Surgeons,  Columbia  University 
,  NEW  YORK,  NEW  YORK 

Smith  (1923)  demonstrated  that  anterior  pituitary  gland  material 
obtained  from  the  central  and  cortical  portions  of  the  beef  gland 
differed  in  effect  when  tested  on  the  hypophysectomized  tadpole.  The 
cortical  material  stimulated  growth  without  metamorphosis,  whereas 
material  derived  from  the  medullary  region  provoked  metamorphosis 
with  cessation  of  growth.  Since  he  found  that  the  medullary  zone  is 
rich  in  basophilic  cells  and  that  acidophils  predominate  in  the  cortical 
portion,  these  experiments  suggested  that  the  thyrotropic  and  growth 
hormones  of  the  beef  hypophysis  are  associated  with  the  basophilic 
and  acidophilic  cells,  respectively.  Schooley  and  Riddle  (1938)  and 
Friedman  and  Hall  (1941)  have  also  utilized  the  spatial  distribution 
of  the  chromophilic  cells  of  the  beef  anterior  hypophysis  to  determine 
whether  the  concentration  of  other  pituitary  hormones  varies  with 
the  distribution  of  one  or  the  other  of  these  cell  types.  Prolactin  was 
found  by  these  workers  in  greater  concentration  in  the  cortical  zone, 
whereas  gonadotropin  occurred  in  greater  amounts  in  the  medullary 
region.  These  data  indicate  a  close  relationship  between  the  gonado¬ 
tropic  hormone  and  the  basophils,  and  between  prolactin  and  the 
acidophils,  and  may  be  interpreted  as  indicating  that  the  gonadotropic 
hormone  is  secreted  by  the  basophils,  and  prolactin  by  the  acidophils. 
Such  experiments,  however,  show  only  the  amount  of  hormone  con¬ 
tained  in  the  tissue,  and  do  not  prove  secretion  by  any  particular  cells 
found  there. 

The  experiments  reported  here  were  intended  to  discover  whether 
the  adrenotropic  hormone  is  definitely  associated  with  the  acidophilic 
or  basophilic  zones,  and  to  determine  quantitatively  the  proportion 
of  thyrotropic  and  gonadotropic  hormones  contained  in  these  two 
parts  of  the  beef  pituitary  gland. 

/ 

MATERIALS  AND  METHODS 

Beef  pituitary  glands  from  freshly  slaughtered  cattle  were  frozen,  the 
posterior  lobes  removed,  and  the  anterior  lobes  freed  from  connective  tissue 
and  divided  along  the  median  sagittal  plane  into  halves.  The  central  portion, 
rich  in  basophils,  was  cut  out  with  scissors.  This  area  was  fairly  well  de- 
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‘  Aided  by  a  grant  from  the  Francis  I.  and  Elizabeth  C.  Proctor  Fund. 

39 


40 


SMELSER 


Vblume  34 


marcated  and  of  a  darker  color  than  the  surrounding  tissue.  The  cortex  taken 
was  only  the  most  peripheral  part  of  the  glands,  yellow  in  color,  and  was  al¬ 
ways  separated  from  the  central  region  by  a  large  intermediate  zone  which 
was  discarded.  The  pituitary  tissue  was  dehydrated  in  acetone,  finely  ground 
when  dry,  and  stored  in  powder  form.  Preparations  were  made  of  3  batches 
of  glands.  The  material  was  prepared  for  assay  by  leaching  the  pituitary 
powder  4  times  with  dilute  NaOH  at  pn  8.5.  The  extracts  were  pooled  and 
diluted  to  the  proper  amount  with  distilled  water.  Such  factors  in  the  ex¬ 
traction  method  as  the  pn,  temperature,  time,  ratio  of  the  quantity  of  water 
to  the  pituitary  powder,  and  stirring  were  the  same  in  the  preparations  of  the 
central  and  cortical  material. 

The  thyrotropic  assays  were  conducted  according  to  methods  previously 
reported  (Smelser,  1938).  The  estimates  of  gonadotropic  potency  were  based 
on  the  response  of  the  immature  mouse  ovary  and  uterus  (Levin,  1937; 
Evans,  et  al.,  1940).  Twenty-two-day-old  mice  weighing  8  to  10  gm.  were 
injected  subcutaneously  twice  daily  for  4  days,  and  autopsied  on  the  fifth 
day.  Ovarian  and  uterine  weights  were  determined.  Adrenotropic  hormone 
activity  of  the  extracts  was  assayed  by  the  use  of  the  4-day-old  rat  (Moon, 
1940).  The  rats  were  injected  subcutaneously  twice  daily  for  4  days,  and 
autopsied  on  the  fifth  day.  Increased  weight  of  the  adrenal  glands  was  the 
basis  for  judging  the  adrenotropic  hormone  content  of  the  preparations.*  In 
all  preparations  tests  were  made  for  the  3  hormones  at  a  wide  range  of  dilu¬ 
tions.  Five  to  10  animals  were  used  for  each  assay. 

RESULTS 

The  results  of  these  assays  can  best  be  summarized  in  tabular 
form  (tables  1  and  2).  As  noted  by  Friedman  (1941),  a  higher  concen¬ 
tration  of  gonadotropic  hormone  was  found  in  the  central  region  than 
in  the  acidophilic  peripheral  zone  of  the  anterior  pituitary  gland.  In 
the  experiments  reported  here  the  center ’.cortex  ratio®  of  gonadotropic 
activity  was  2:1  or  4:1,  which  is  in  agreement  with  previously  re¬ 
ported  data. 

The  concentration  of  adrenotropic  hormone  was  likewise  found  to 
be  greater  in  the  tissue  from  the  basophil-rich  central  zone.  The  cen¬ 
ter  rcortex  ratio  of  adrenocorticotropic  activity,  however,  was  as  8:1 
in  preparation  BP  25,  and  slightly  less,  approximately  6 : 1  in  BP  24 
and  BP  1.  In  all  preparations  this  ratio  of  adrenotropic  hormone  con¬ 
tent  was  distinctly  higher  than  the  gonadotropic  ratio. 

The  most  marked  difference  between  extracts  of  the  central  and 
peripheral  tissues  was  found  in  the  case  of  the  thyrotropic  hormone, 
which  also  occurred  in  greatest  concentration  in  the  basophilic  central 
zone.  In  this  case,  however,  the  difference  in  potency  between  the 

*  Extracts  of  the  center  and  cortex  were  tested  on  uterine  muscle  for  contamina¬ 
tion  with  posterior  pituitary  principles.  Twenty-five  mg.  of  each  preparation  con¬ 
tained  much  less  material  affecting  uterine  contractions  (posterior  pituitary,  amines, 
etc.)  than  did  0.25  units  of  Pitocin.  One  unit  of  Pituitrin  had  no  adrenotropic  action 
when  tested  on  the  4-day-old  rat.  Extracts  of  100  mg.  of  heart  muscle  also  had  no 
effect  "00  adrenal  weight. 

*  Center:cortex  is  the  ratio  between  the  minimum  material  from  the  central  and 
the  cortical  zones,  respectively,  which  produced  a  valid  increase  in  the  weight  of  the 
test  object  (thyroid,  uterus  or  adrenal)  over  that  of  the  uninjected  control. 
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Table  1.  Thyrotropic  and  adrenotropic  activity  of  extracts  of  pituitary 

TISSUE  (BP  24)  FROM  THE  CENTRAL  AND  CORTICAL  REGIONS  OF  THE  ANTERIOR  LOBE 


A.  THYROTROPIN 


Central  Region 

Cortical  Region 

Control 

No.  Test 

Thyroid 

No.  Test 

Thyroid 

No.  Test 

Thyroid 

Animals 

Wt. 

Animals 

Wt. 

Animals 

Wt. 

mg. 

mg. 

■■ 

mg. 

14 

4.3  ± .33 

2.9±.20 

19 

3.3±.21 

2.8±.16 

8.2±  .97 

13 

2.8±.24 

2.8±  .16 

12 

6.0±  .43 

2.7±  .15 

16 

2.8±  .16 

13 

4.3±  .35 

16 

2.8±.16 

15 

4.1 ± .25 

16 

2.8±  .16 

15 

3.1 ± .25 

16 

2.8±  .16 

Central  Region 


Cortical  Region 


No.  Test 
Animals 


Adrenal 
Wt.  S.E. 

No.  Test 
Animals 

Adrenal 
Wt.  S.E. 

No.  Test 
Animals 

Adrenal 
Wt.  S.E. 

mg. 

5.1  ±.40 

3 

mg. 

4.2+  .25 

4 

mg. 

2.1±,14 

4.6±.23 

10 

3.7±  .27 

12 

2.11.12 

3.9±  .29 

5 

2.71.20 

7 

2.21.10 

3.4±.14 

4 

2.3±  .10 

4 

1.91.14 

3.2±  .10 

5 

2.4+  .10 

5 

2.31 .08 

3.0±  .21 

2 

2.5±.18 

2 

2.41 .18 

mg. 

100.00 

50.00 

25.00 

12.50 

6.25 

3.125 


tissue  from  the  two  regions  was  extreme,  ranging  from  16:1  in  prep¬ 
aration  BP  25  to  32 : 1  in  preparations  BP  1  and  BP  24.  These  ratios 
are  definitely  higher  than  those  for  either  gonadotropic  or  adreno¬ 
corticotropic  hormone  activity. 

Since  the  center :  cortex  ratios  of  the  3  hormones  differed  so  mark¬ 
edly  some  explanation  was  sought.  One  could  postulate  that 'the 
gonadotropic  hormone  diffuses  more  rapidly  than  the  other  but  this 
possibility  is  not  supported  by  earlier  experiments  (Levin,  ei  al.,  1942). 


Table  2.  Gonadotropic  activity  of  extracts  of  pituitary  tissue  (BP  24) 

FROM  THE  central  AND  CORTICAL  REGIONS  OF  THE  ANTERIOR  LOBE 
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Table  3.  Thyroid  weight  increase  following  the  injection  of  pituitary 
AND  HEART  MUSCLE  EXTRACTS.  EaCH  VALUE  IS  THE  AVERAGE  OF  FIVE  DETERMINATIONS 


Pituitary 

Dosage 

Heart 

Dosage 

Pituitary 

Pituitary 
and  Heart 

Heart 

Control 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

3.6 

2.7 

3.2 

3.9 

3.8 

3.0 

Table  4.  Ovarian  and  uterine  weight  increase  following  the  injection  of 

PITUITARY  AND  HEART  MUSCLE  EXTRACTS.  EaCB  VALUE  IS  THE  AVERAGE  OF  FIVE  DE¬ 
TERMINATIONS 


Pitui¬ 

tary 

Extract 

Dosage 

Heart 

Extract 

Pituitary 

Extract 

Pituitary  and 
Heart  Extract 

Heart 

Extract 

Control 

Dosage 

Ovary 

Uterus 

Ovary 

Uterus 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

5.0 

50.0 

2.9 

18.7 

2.4 

15.3 

2.1 

9.3 

2.2 

7.3 

Both  their  molecular  size  and  the  cellular  nature  of  the  medium  limit 
the  postmortem  diffusion  of  these  hormones  in  the  gland  substance. 
In  addition,  extracts  of  the  peripheral  zone  tissue  contained  consid¬ 
erably  more  tissue  extractives  per  unit  of  active  substance  than  did 
those  of  the  central  zone  tissue.  Were  the  action  of  the  gonadotropic 
hormone  more  readily  potentiated  by  the  presence  of  inert  protein 
material  than  the  others,  the  varying  center :  cortex  ratios  could  be 
explained.  Accordingly,  extracts  of  center  zone  tissue  were  prepared, 
and  to  one  portion  of  the  pituitary  extract  a  similar  preparation  of 
beef  heart  muscle  was  added  in  order  to  increase  the  amount  of  inert 
material  which  it  contained.  Assays  were  then  made  of  the  original 
pituitary  extract,  and  of  the  pituitary-heart  extract  for  both  gonado¬ 
tropic  and  thyrotropic  hormones.  The  added  heart  muscle  extract 
failed  to  augment  either  the  thyrotropic  or  gonadotropic  action  of  the 
pituitary  material  (tables  3  and  4). 

^  ^  DISCUSSION 

^  The  occurrence  of  higher  concentration  of  some  of  the  anterior 
lobe  hormones  in  the  basophil-rich  central  zone,  and  of  other  hormones 
in  the  peripheral  portion  of  the  gland,  in  which  the  acidophils  are  the 
predominant  chromophil  t5T)e,  has  been  taken  as  evidence  that  growth 
hormone  and  prolactin  are  products  of  the  acidophils.  Similarly,  the 
gonadotropic,  thyrotropic,  and  now  the  adrenotropic  hormones  may 
be  assumed  to  be  derived  from  the  basophils,  in  this  species. 

Each  of  the  several  preparations  of  central  and  peripheral  anterior 
pituitary  tissues  tested  must  necessarily  have  contained  a  definite 
proportion  of  material  derived  from  basophils,  smaller  in  the  material 
from  the  peripheral  region,  and  greater  in  the  central  zone  tissue. 
Assuming  a  single  type  of  basophil,  the  concentration  of  the  hormones 
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tested  should  be  directly  proportional  to  the  amount  of  basophilic 
material  contained  in  the  extract.  Therefore,  the  center :  cortex  ratio 
of  hormone  found  should  be  essentially  the  same  for  each.  This  was 
not  found  to  be  true. 

Several  explanations  of  the  data  may  be  offered  which  retain  the 
concept  of  a  single  type  of  basophil  simultaneously  producing  several 
hormones.  If  one  cell  type  does  produce  all  three  hormones,  however, 
the  present  data  suggest  that  those  cells  in  the  cortical  area  produce 
less,  or  secrete  more  promptly,  the  thyrotropic  and  adrenotropic 
hormones  than  do  their  sister  cells  of  the  medullary  zone.  The  gonado¬ 
tropic  hormone,  however,  seems  to  be  found  in  more  nearly  the  same 
amount  in  the  central  and  peripheral  regions.  This  explanation  ob¬ 
viously  postulates  different  types  of  basophils  somewhat  separated 
into  the  two  zones  of  the  hypophysis. 

The  present  data  agree  with  an  assumption  of  the  existence  of 
several  cell  types,  all  classed  as  basophils  on  the  basis  of  their  staining 
reaction,  but  each  elaborating  its  specific  secretion.  Furthermore,  the 
distribution  of  these  several  cell  types  throughout  the  gland  would 
not  be  identical,  although  they  are  all  more  numerous  in  the  central 
region.  The  assumption  that  there  are  several  types  of  cells  would 
remove  the  necessity  of  visualizing  a  single  cell  simultaneously  pro¬ 
ducing  several  hormones  and  secreting  them  at  different  rates,  at 
different  times. 

CONCLUSIONS 

The  thyrotropic,  adrenotropic  and  gonadotropic  honnones  were 
all  found  in  greater  concentration  in  extracts  of  tissue  taken  from  the 
basophilic  central  zone,  than  in  the  more  peripheral  and  predomi¬ 
nantly  acidophilic  and  chromophobic  cortical  portion  of  the  beef 
anterior  pituitary  gland. 

Although  the  ratio  of  basophilic  material  contained  in  any  prep¬ 
aration  of  central  and  peripheral  tissue  was  fixed,  the  concentration 
of  these  hormones  in  center :  cortex  ratios  was  not  the  same  (gonado¬ 
tropic  2:1;  adrenotropic  6:1  or  8:1;  thyrotropic  16:1  or  32:1). 

It  is  suggested,  therefore,  that  the  thyrotropic,  adrenotropic  and 
gonadotropic  hormones  of  the  beef  pituitary  gland  are  produced  or 
stored  by  several  distinct  cell  types  which  have  different  spatial  dis¬ 
tributions  in  the  gland. 

I  wish  to  express  my  appreciation  to  Miss  Victoria  Ozanics  for  her  assistance  in 
this  study. 
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MODE  OF  ACTION  OF  THIOUREA  ON  THE  THYROID 
GLAND  OF  RABBITS 

EMIL  J.  BAUMANN,  NANNETTE  METZGER 
AND  DAVID  MARINE 

From  the  Laboratory  Division,  Montefiore  Hospital 

NEW  YORK,  NEW  YORK 

The  very  interesting  discovery  by  MacKenzie  and  MacKenzie 
(1943)  of  a  form  of  goiter  produced  by  feeding  sulfonamides  and  cer¬ 
tain  thioureas,  and  which  is  not  prevented  or  cured  by  iodine,  has 
been  fully  substantiated  by  the  work  of  Astwood,  Sullivan,  Bissell 
and  Tyslowitz  (1943).  In  searching  for  the  way  in  which  these  sub¬ 
stances  act,  these  investigators  found  that  neither  iodides,  various 
members  of  the  vitamin  B  group,  nor  vitamin  C  would  prevent  the 
development  of  this  goiter,  while  h3T)ophysectomy  or  the  administra¬ 
tion  of  thyroid  or  thyroxine  did.  From  their  numerous  and  instructive 
experiments  the  Mackenzies  conclude  that  these  agents  “exert  a 
depressing  influence  on  the  functional  activity  of  the  thyroid,”  while 
Astwood,  et  al.,  conclude  that  “there  is  an  interference  with  the 
synthesis  of  thyroid  hormone.” 

This  paper  reports  the  results  of  efforts  to  analyze  further  the 
mechanism  of  the  interference  of  thiourea  with  the  synthesis  of  thy¬ 
roid  secretion.  The  recent  work  of  Rawson,  Graham  and  Riddell 
(1943)  showing  that  thyrotropic  hormone  is  inactivated  by  thyroid 
in  vitro  suggests  the  possibility  that  thiourea  inhibits  the  action  of 
thyrotropic  hormone  of  the  pituitary  or  prevents  its  formation.  But 
the  fact  that  the  thyroid  so  readily  undergoes  hyperplasia  on  adminis¬ 
tration  of  thiourea  and  that  thyroid  hyperplasia  can  be  brought  about 
only  through  the  agency  of  the  pituitary  thyro-activator  rules  out  this 
possibility.  Elimination  of  several  other  hypotheses  led  tentatively  to 
the  idea  that  thiourea  either  inhibited  some  process  by  which  the 
thyroid  forms  its  secretion,  as  suggested  by  Astwood  and  his  collab¬ 
orators,  or  that  it  prevented  iodine  from  reaching  the  thyroid  in  a 
form  in  which  it  could  be  used. 

PROCEDURE 

To  test  these  hypotheses,  the  right  thyroid  lobes  of  rabbits  were  removed 
under  ether  anesthesia  for  control  iodine  analyses  and  microscopic  examina¬ 
tion.^  Three  or  4  days  later  the  animals  were  injected  intraperitoneally  with 

Received  for  publication  October  27,  1943. 

^  A  snip  of  the  thyroids  was  fixed  in  10  per  cent  formalin,  sectioned  and  stained 
with  hematoxylin  and  eosin  for  microscopic  examination.  The  remainder  of  the  lobe 
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10  or  15  cc.  of  2.25  per  cent  thiourea  at  4-hour  intervals  for  48  hours;  5 
mg.  of  potassium  iodide  was  given  subcutaneously  ^  hour  after  the  first  dose 
of  thiourea  (rabbits  86  and  22)  or  6.5  mg.  of  diiodotyrosine,  which  contains 
an  equal  amount  of  iodine  (rabbits  13,  35,  36)  and  in  one  animal  (rabbit  34) 
13  mg.  of  diiodotyrosine  was  given.  A  few  hours  after  the  last  injection  the 
rabbits  were  killed,  the  left  thyroid  lobes  removed  and  similarly  examined.^ 
As  additional  control  experiments,  an  animal  was  given  thiourea  without 
any  iodine  (rabbit  31)  and  3  rabbits  were  injected  with  potassium  iodide  or 
diiodotyrosine  but  without  thiourea  (rabbits  76,  78,  19).  The  right  and  left 
thyroid  lobes  were  similarly  examined  chemically  and  histologically. 

RESULTS 

Some  of  the  data  of  the  experiments  are  summarized  in  table  1. 
Three  and  eight-tenths  mg.  of  iodine,  either  as  potassium  iodide  or  as 


Table  1.  Influence  of  thiourea  with  and  without  iodine  administration  on 

THYROID  IODINE  AND  HISTOLOGY  OF  .THE  THYROID  IN  THE  RABBIT 


Thyroid 

Rah- 

Thio- 

Iodine 

Com¬ 

pounds 

Given 

Control,  Right  Lobe 

Autopsy,  Left  Lobe 

bit 

No. 

Age 

urea 

Given 

Iodine 

Per 

Gm., 

Histology 

Iodine 

Per 

Histology 

Dry 

Dry 

86 

]/r. 

ffm. 

mff. 

mff. 

4.0 

4.88 

5.0  KI 

0.065 

Early  mod.  hyperplasia 
Moderate  hyperplasia 

22 

2.0 

4.88 

5.0  KI 

0.020 

13 

2.0 

4.88 

6.5  DTv 

0.047 

Early  hyperplasia 

0.050 

Early  hyperplasia 

Early  mod.  hyperplasia 

35 

0.4 

3.26 

6.5  DTy 

0.14 

Colloid,  early  hyperplasia 

0.03 

36 

0.4 

6.5  DTv 

1.29 

Normal 

1.01 

Normal? 

34 

0.4 

3.04 

13.0  DTy 

0.69 

Normal 

0.49 

Normal?  > 

31 

0.3 

3.37 

0 

1.30 

Normal 

0.82 

Normal,  early  hyperplasia? 

76 

iVl 

■V 

6.5  DTy 

0.076 

Early  mod.  hyperplasia 

0.35 

Colloid,  early  hyperplasia 

78 

ESI 

5.0  KI 

0.054 

Lost 

0.68 

Colloid,  early  hyperplasia  in- 

yoluting 

19 

2.0 

5.0  KI 

0.052 

Early  hyperplasia 

0.39 

Colloid,  early  hyperplasia  in¬ 
voluting 

Normal,  early  hyperplasia 

28 

0.3 

2.7 

5.4>  Nal 

1.07 

Normal 

1.76 

30 

0.3 

2.7 

2.7  Nal 

1.23 

Normal 

1.49 

Normal,  early  hyperplasia 

33 

07 

0.5 

3.0 

2.7 

2.7 

5.4  Nal 
5.4  Nal 

Lost 

0.20 

Early,  mod.  hyperplasia 
Colloid  goiter 

0.26 

0.34 

Moderate  hyperplasia 
Colloid,  early  hyperplasia 

>  Grains  of  Nal. 


diiodotyrosine,  in  2  days  changed  thyroids  which  had  showed  early 
degrees  of  hypertrophy  to  the  early  stages  of  involution  with  colloid 
formation.  The  iodine  content  of  the  control  lobes  was  0.05  to  0.07 
mg.  per  gm.  of  dry  gland  while  48  hours  after  iodine  was  given,  the 
values  were  0.35  to  0.69  mg.  per  gm.  This  is  in  agreement  with  the 
well-established  findings  of  Marine  and  Lenhart  (1909).  On  the  other 
hand,  thiourea  administration,  alone  (rabbit  31)  for  2  days  caused  a 

was  diced  and  dried  over  barium  oxide  in  a  vacuum  desiccator.  The  tissue  was  weighed 
dry  and  its  iodine  content  determined  by  the  method  of  Baumann  and  Metzger  (1937). 
Thyroxine  iodine  was  determined  by  Blau’s  method  (1935). 

*  Complete  autopsies  were  made  on  all  rabbits.  Relevant  findings  were  a)  deposi¬ 
tion  of  fibrin  on  peritoneal  surfaces  which  was  culturally  sterile.  In  thiourea-injected 
animals  that  were  not  immediately  killed,  there  was  rapid  absorption  of  fibrin  without 
adhesions;  6)  the  livers  of  rabbits  killed  shortly  after  the  last  injections  had  a  grayish, 
swollen  appearance,  indicating  cloudy  swelling;  this  was  verified  microscopically. 
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lowering  of  thyroid  iodine  from  1.30  to  0.82  mg.  per  gm.  and  the 
microscopic  structure  changed  from  a  normal  appearance  to  one  of  a 
very  early  degree  of  hypertrophy. 

When  both  thiourea  and  3.8  mg.  of  iodine  as  potassium  iodide  or 
diiodotyrosine  were  given,  the  animals  (86,  22,  13,  34,  35,  36)  reacted 
in  much  the  same  way  as  those  receiving  thiourea  alone,  that  is, 
thyroid  iodine  was  reduced  £^d  the  left  lobes  w'ere  more  hypertrophied 
than  the  control  right  lobes,  in  spite  of  the  iodine  administered.  We 
interpret  the  apparent  exceptions,  rabbits  22  and  13,  in  which  the 
initial  thyroid  iodine  levels  were  very  low  as  a  manifestation  of  the 
tenacity  with  which  the  thyroid  retains  the  last  traces  of  iodine.  In 
these,  an  interval  of  2  days  was  evidently  too  short  to  bring  about 
definite  changes  in  the  histology  or  iodine  content  of  the  thyroid. 
When  the  initial  iodine  level  was  high  the  decrease,  after  2  days  of 
thiourea  administration  was  greater.  Morphological  changes  occurred 
when  the  iodine  content  had  fallen  below  the  critical  level.  Thus  we 
confirmed  for  the  rabbit  what  the  Johns  Hopkins  and  Harvard  groups 
found  for  the  rat,  the  mouse  and  the  dog,  t.e.,  that  thiourea  causes 
thyroid  hyperplasia  even  if  iodine  is  also  given.  This  w'^ould  necessarily 
result  in  the  development  of  goiter  if  treatment  were  continued  for 
a  longer  time,  as  was  the  case  in  the  experiments  on  rats. 

The  iodine  lost  from  the  thyroid  in  thiourea-treated  rabbits  was 
promptly  excreted  in  the  urine  as  shown  by  the  following  experiment. 
Two  rabbits,  fed  on  a  weighed  diet  of  225  gm.  of  cabbage  and  30  gm. 
of  oats,  were  placed  in  metabolism  cages  and  the  urine  collected, 
usually  for  3-day  periods.  The  bladders  were  compressed  at  the  be¬ 
ginning  and  end  of  each  period.  After  several  weeks  of  this  diet,  the 
iodine  content  of  which  was  very  low,  the  urine  iodine  output 
amounted  to  1  or  2  ng.  per  day.  Thiourea  administration  brought 
about  an  increase  to  3  /ig.  per  day.  When  the  rabbits’  thyroids  were 
iodized  by  the  subcutaneous  injection  of  5  mg.  of  potassium  iodide 
in  one  instance  and  1.5  mg.  in  another,  the  iodine  excretion  became 
comparatively  constant,  after  5  to  7  days,  at  a  higher  level  of  7  or  8 
Mg.  per  day.  Under  these  conditions  administration  of  thiourea  pro¬ 
duced  an  increase  in  the  urinary  iodine  excretion  to  12  to  16  Mg*  per 
day.  The  details  of  this  experiment  are  summarized  in  table  2. 

Assuming  a  thyroid  weight  of  200  mg.  containing  2  mg.  of  iodine 
per  gm.  of  dry  tissue,  the  gland  would  contain  100  Mg-  of  iodine, 
about  half  of  which  would  be  lost  in  4  days  by  giving  thiourea.  This 
gives  a  rough  idea  of  the  rapidity  with  which  this  substance  acts. 

We  considered  the  possibility  that  thiourea  might  seize  iodine  more 
avidly  than  the  thyroid  does  in  some  such  manner  as  Werner  described 
in  1912  when  he  showed  that  iodine  oxidizes  thiourea  to  formamidine 
disulfide  hydroiodide,  even  in  very  great  dilution.  Were  this  to  occur 
in  the  body  an  adequate  explanation  for  the  development  of  this  kind 
of  goiter  would  be  at  hand.  By  giving  slightly  more  than  enough  iodine 
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to  combine  with  administered  thiourea  according  to  the  Werner  re¬ 
action,  it  should  be  possible  to  prevent  this  thyroid  hyperplasia.  If 
however,  thiourea  prevents  the  formation  of  thyroid  secretion  in 
some  other  way,  no  amount  of  iodine  should  restore  the  mechanism 
through  which  this  secretion  is  elaborated. 

Table  2.  Thiourea  and  iodine  excretion  in  rabbits 


Rabbit  23  Rabbit  24 


Date 

Iodine 

Output 

Iodine 

Output 

4/14 

4/20-22 

ngjday 

4.1 

5  mg.  KI 

10  cc.  5.4%  glucose,  b.i.d. 

fig -/day 

11.5 

5  mg.  KI 

10  cc.  2.5%  thiourea  b.i.d. 

4/26-28 

2.2 

intraper. 

Control  period 

1.7 

intraper. 

Control  period 

5/5-7 

1.2 

Control  period 

2.2 

Control  period 

5/10-12 

3.0 

10  cc.  2.5%  thiourea  b.i.d. 

3.1 

10  cc.  2.5%  thiourea  b.i.d. 

5/13 

5/20-21 

8.0 

intraper. 

1.5  mg.  KI 

Control  period 

7.4 

intraper. 

1.5  mg.  KI 

Control  period 

5/25-26 

11.7 

15  cc.  2.25%  thiourea  t.i.d. 

16.8 

15  cc.  2.25%  thiourea  t.i.d. 

5/2&-29 

6.4 

intraper. 

Control  period 

6.2 

intraper. 

Control  period 

6/1-2 

1.5 

Control  period 

1.5 

Control  period 

Thiourea  and  slightly  more  than  an  equivalent  of  sodium  iodide 
were,  therefore,  injected  intraperitoneally  but  separately  into  rabbits 
every  4  hours  for  48  hours,  beginning  4  days  after  the  right  thyroid 
lobes  had  been  removed  for  control  analysis  and  examination.  The 
data  of  these  experiments  (rabbits  7,  28,  30,  33)  are  also  included  in 
table  1.  The  animals  were  killed  33  hours  after  the  last  injections  in 
order  to  give  time  for  the  excessive  amounts  of  iodine  to  be  excreted. 
The  left  thyroid  lobes  were  examined  in  the  same  way  as  were  the 
control  right  lobes. 

Under  these  conditions,  the  thyroid  iodine  was  increased  con¬ 
siderably  but  no  corresponding  morphological  changes  were  noted. 
Instead  of  involution  w  ith  deposition  of  colloid,  as  ordinarily  occurs 
when  the  thyroid  takes  up  iodine,  microscopic  examination  showed 
that  the  tissue  was  becoming  slightly  more  hyperplastic,  as  it  did  when 
thiourea  alone  was  given.  In  those  rabbits  which  had  lower  initial 
levels  of  iodine,  the  development  of  hyperplasia  was  greater  and  ap¬ 
peared  earlier,  as  would  be  expected.  To  determine  whether  the  in¬ 
creased  thyroid  iodine  was  due  to  some  residual  iodide  that  had  not 
been  washed  out  of  the  body,  the  iodine  content  of  kidney,  testis  and 
pancreas  of  some  of  these  animals  was  determined  and  found  to  be 
less  than  0.04  mg.  per  gm.  of  dry  tissue  except  for  the  testis  of  rabbit  7 
which  contained  0.09  mg.  per  gm.  The  corresponding  thyroids  con¬ 
tained  0.3  to  1.7  mg.  per  gm.  of  iodine.* 

*  The  iodine  content  of  the  pancreas  and  testis  of  rabbit  7  was  0.036  and  0.094  mg. 
per  gm.  of  dry  tissue,  respectively,  and  for  rabbit  33  the  corresponding  figures  were 
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It  is  evident,  therefore,  that  thiourea  does  not  combine  with  iodine 
in  the  body  as  we  had  postulated  and  that  it.prevented  thyroglobulin 
formation  even  in  the  presence  of  an  excessive  quantity  of  iodine. 
We  regard  the  increase  of  thyroid  iodine  as  temporary.  The  thyroid 
is  an  amazingly  efficient  filter  for  iodine,  removing  all  it  can  retain 
(up  to  5  mg.  per  gm.  of  dry  tissue  or  more)  promptly.  But  under  the 
influence  of  thiourea,  elaboration  of  the  stored  iodine  into  thyroid 
secretion  is  prevented.  It  is  probable  that  in  the  course  of  a  few  days 
most  of  the  extra  iodine  taken  up  by  the  thyroid  would  be  lost. 
Iodine  would  behave  as  bromine  (Baumann,  Sprinson  and  Marine, 
1941)  and  manganese  (Ray  and  Deysach,  1942)  and  probably  all 


Table  3.  Thyroid  iodine  distribution  in  thiourea-treated  rabbits 


Rabbit 

No. 

Right  Lobe  Thyroid 

Left  Lobe  Thyroid 

Total 

I 

Thyrox¬ 
ine  I 

Thyrox. 
Total  I 

Total 

I 

Thyrox¬ 
ine  I 

Thyrox. 
Total  I 

7 

mg.Igm. 

0.20 

mg./gm. 

0.03 

% 

15 

mg./gm. 

0.34 

mg./gm. 

0.006 

% 

2 

gm. 

2.7  Thiourea 
5.4  Nal 

33 

Lost 

0.26 

0 

0 

2 . 7  Thiourea 
5.4  Nal 

34 

0.69 

0.18 

25 

0.49 

0.14 

29 

2.9  Thiourea 

36 

1.29 

0.42 

32 

1.01 

0.29 

29 

2.9  Thiourea 

members  of  the  7th  periodic  group  do.  These  elements  are  normally 
found  in  the  thyroid  in  greater  concentration  than  in  other  tissues, 
perhaps  because  the  thyroid  distinguishes  between  these  closely  re¬ 
lated  elements  and  iodine  only  imperfectly. 

In  order  to  analyze  these  findings  further,  the  amount  of  thyroxine 
iodine  in  some  of  the  rabbits  treated  with  thiourea  (7,  33,  34,  36)  was 
determined  and  these  data  are  summarized  in  table  3. 

It  will  be  noted  that  thiourea  caused  the  thyroxine  iodine  fraction 
to  leave  the  left  thyroid  lobe  in  about  the  same  ratio  to  total  iodine 
that  existed  in  the  control  right  thyroid;  that  is,  the  fraction  thyroxine 
I/total  I  is  roughly  the  same  before  and  after  thiourea  administration, 
indicating  that  there  is  neither  a  selective  loss  nor  a  retention  of 
thyroxine.  In  rabbit  7,  which  was  given  an  excessive  amount  of  sodium 
iodide  in  addition  to  thiourea,  the  control  right  thyroid  lobe  contained 
only  0.2  mg.  iodine  per  gm.  of  dry  tissue,  and  the  left  lobe  showed  an 
increase  in  the  total  iodine.  But  the  thyroxine  iodine  fraction  de¬ 
creased  to  about  the  minimum  amount  detectable  with  the  delicate 
method  of  analysis  used;  the  microscopic  appearance  of  the  tissue 


0.016  and  0.035.  The  kidneys  of  rabbits  28  and  30  contained  0.036  and  0.030  mg./gm., 
respectively. 
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corresponded  to  that  characteristically  seen  with  lowered  th3n*oxine 
iodine. 

/  Many  pathologists  have  found  it  difl&cult  to  accept  the  view  that 
the  hyperplastic  thyroids  seen  in  the  developmental  stages  of  endemic 
and  experimental  goiter  produce  an  insufficient  amount  of  hormone 
while  structurally  similar  thyroids  seen  in  Graves’  disease  produce  an 
excess  of  hormone.  In  the  past  we  have  encountered  opposition  to  the 
idea  that  cellular  hyperactivity  and  hypersecretion  could  be  inde¬ 
pendent.  The  observations  of  the  Mackenzies  that  the  sulfonamides 
and  thiourea  can  inhibit  thyroxine  production  and  at  the  same  time 
cause  intense  stimulation  of  thyroid  cell  growth  through  the  thyro¬ 
tropic  hormone  provides  proof  that  intense  hyperplasia  can  be  as¬ 
sociated  with  hyposecretion. 

Our  experiments  give  further  support  to  the  hypothesis  that  the 
site  of  thiourea  action  is  in  the  thyroid  cells  where  a  functional 
thyrostasis  is  produced  as  is  indicated  by  the  inhibition  of  thyroxine 
formation.  / 


SUMMARY 

Thiourea  administration  caused  thyroid  hyperplasia  in  rabbits,  as 
previous  investigators  have  found  for  the  rat,  mouse  and  dog,  even 
though  large  quantities  of  iodine  were  given  simultaneously.  Total 
iodine  and  thyroxine-iodine  analyses,  as  well  as  microscopic  examina¬ 
tion  of  the  thyroids,  show  that  there  was  a  rapid  decrease  in  both 
thyroxine  and  non-thyroxine  iodine  under  these  conditions.  This 
iodine  was  promptly  excreted  in  the  urine.  The  inhibition  of  thyroxine 
formation  indicates  that  thiourea  produced  a  functional  thyrostasis  of 
the  thyroid  cells. 
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QUANTITATIVE  STUDY  OF  THE  EFFECTS  OF 
ESTRADIOL  BENZOATE  AND  PROGESTERONE 
IN  MODIFYING  THE  INCIDENCE  OF  BINU- 
CLEATED  CELLS  IN  THE  RABBIT  LIVER 

JOHN  C.  ALLAN 

From  the  Department  of  Anatomy,  University  of  the  Witwatersrand 
JOHANNESBURG,  UNION  OF  SOUTH  AFRICA 

The  metabolism  of  the  sex  hormones  by  the  liver  is  attracting  in¬ 
creasing  attention.  Zondek  (1934)  and  Heller  (1940)  have  shown  that 
estradiol  is  inactivated  on  incubation  with  sliced  or  minced  liver. 
Israel,  Meranze  and  Johnston  (1937)  demonstrated  that  estrogens 
were  inactivated  after  passage  through  a  heart-lung-liver  perfusion 
system  but  not  after  perfusion  through  a  heart-lung  system  alone. 
Biskind  (1941)  and  Biskind  and  Mark  (1939)  reported  that  pellets  of 
estrone  and  estradiol  benzoate  were  inactivated  if  implanted  into  the 
spleen.  Talbot  (1939)  showed  that  in  young  female  rats  the  uteri  were 
stimulated  by  endogenous  estrogen  after  the  liver  had  been  poisoned 
with  carbon  tetrachloride  and  alcohol.  Golden  and  Sevringhaus  (1938) 
demonstrated  that  endogenous  estrogens  were  inactivated  when  the 
ovaries  were  implanted  intraperitoneally.  Cantarow  and  his  co¬ 
workers  (1943)  have  found  that  the  estrogenic  activity  of  liver  bile 
obtained  by  duodenal  intubation  of  women  at  full-term  pregnancy 
was  about  3  times  that  of  the  blood.  Moreover,  in  dogs,  these  workers 
found  that  the  bile  was  an  important  medium  of  excretion  of  both 
endogenous  and  exogenous  estrogen. 

Apart  from  the  interest  w^hich  has  centered  around  these  effects,  as 
determined  biochemically,  no  attempt  has  been  made,  as  far  as  the 
literature  indicates,  to  discover  whether  after  using  physiological 
amounts  of  estradiol  and  progesterone,  the  structure  of  the  liver  is 
sufficiently  modified  to  be  appreciated  histologically.  Moreover, 
subtle  changes  in  the  liver  cells  are  usually  difficult  to  detect  and 
frequently  lead  to  much  controversy,  as  the  personal  factor  enters  into 
the  interpretation  of  the  findings.  If  such  fluctuations  can  be  expressed 
quantitatively  by  simple  but  generally  acceptable  procedures  then  the 
personal  factor  is  eliminated.  In  this  way  results  obtained  in  different 
laboratories  can  be  suitably  compared. 

Owing  to  the  fact  that  the  liver  normally  contains  large  numbers  of 
binucleated  cells,  it  was  felt  that  the  incidence  of  these  cells  might 
prove  to  be  of  value  in  assessing  the  activity  of  estrogen  and  proges¬ 
terone  as  these  hormones  are  known  to  cause  nuclear  changes  in  the 
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uterus  and  vagina.  Further,  as  will  be  shown  in  this  study,  the  effect 
of  the  sex  hormones  on  the  incidence  of  binucleated  cells  in  the  liver 
can  be  expressed  statistically  and  with  considerable  accuracy. 

In  this  paper  are  recorded  the  results  of  an  analysis  of  the  effects 
of  castration  and  of  treatment  of  castrated  rabbits  with  estradiol 
benzoate  and  progesterone  and  combinations  of  these  hormones  on 
the  incidence  of  binucleated  cells  in  the  liver.  Moreover,  from  this 
analysis  it  will  be  shown  that  there  is  a  definite  quantitative  relation¬ 
ship  between  the  absolute  amounts  of  estradiol  benzoate  and  proges¬ 
terone  used,  alone,  or  in  combination,  and  the  incidence  of  binu¬ 
cleated  cells.  This  is  the  fourth  study  from  this  laboratory  on  the 
effects  of  estradiol  benzoate  and  progesterone  upon  the  tissues  of  the 
same  rabbits.  The  previous  investigations  w^ere  by  Gillman  (1941), 
Gillman  and  Stein  (1941)  and  Gilbert  (1942). 

MATERIALS  AND  METHODS 

Castrated  and  uncastrated  rabbits  of  approximately  the  same  weight 
were  used  in  this  investigation.  All  of  the  animals  were  ovariectomized  except 
3  (rabbits  1,  2,  3,  table  1).  Fourteen  days  were  allowed  to  elapse  after  the 
operation  before  treatment  was  begun.  The  animals  which  received  treat¬ 
ment  with  the  hormones  were  primed  with  estradiol  benzoate  in  various  doses 
for  a  period  of  7  days  and  then  treated  over  a  period  of  4  days  with  estradiol 
benzoate  and  progesterone  as  shown  in  table  1.  Each  animal  was  killed  by  a 
sharp  blow  on  the  neck  24  hours  after  the  last  injection.  A  piece  of  liver  was 
excised  from  the  edge  of  the  same  lobe  in  each  rabbit  and  fixed  in  alcoholic 
Bouin’s  fluid.  The  tissues  were  embedded  in  wax,  sections  cut  at  10  microns 
and  stained  with  hematoxylin  and  eosin. 

Cell  counts  were  made  at  a  magnification  of  970  diameters  with  the  aid  of 
a  micrometer  net.  Three  thousand  cells  were  regarded  as  the  optimal  num¬ 
ber  to  be  counted  although  in  rabbits  1  to  6,  5000  cells  were  counted. 

Method  for  determining  minimal  number  of  cells  to  be  counted.  Example: 
If  of  5008  hepatic  cells  counted,  1201  are  binucleated  the  percentage  of 
binucleated  cells  is  23.9  (rabbit  4,  table  1).  If  these  5008  cells  are  arranged  in 
groups  of  500,  the  percentage  of  binucleated  cells  varies  from  20  to  27.8  (a). 
Thus,  the  percentage  deviation  from  23.9  per  cent  fluctuates  from  —3.9 
when  binucleated  cells  are  20%  to  +3.9  when  binucleated  cells  are 
27.8  %. 


(a)  Cell 

No.  of 
Binucleated 

Binucleated 

Deviation 

Groups 

Cells 

Cells 

%• 

601 

116 

% 

23.1 

-0.8 

601 

126 

25.1 

+1.2 

501 

109 

21.7 

-2.2 

501 

103 

20.6 

-3.3 

501 

129 

25.6 

+1.7 

501 

136 

27.0 

+3.1 

501 

116 

23.1 

-0.8 

501 

127 

25.3 

+  1.4 

600 

139 

27.8 

+3.9 

600 

100 

20.0 

'  -3.9 
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When  the  groups  of  500  cells  are  regrouped  into  groups  of  1000  cells  the 
percentage  of  binucleated  cells  varies  from  21.1  to  26.4  (b).  In  this  way  the 
percentage  deviation  from  23.9  per  cent  varies  from  +2.5  when  the  per¬ 
centage  of  binucleated  cells  is  26.4  to  —2.8  when  the  percentage  of  bi¬ 
nucleated  cells  is  21.1. 


Cell 

Binucleated 

Deviation 

Groups 

Cells 

% 

% 

1002 

24.1 

-1-0.2 

1002 

21.1 

-2.8 

1002 

26.4 

+2.5 

1002 

24.2 

+0.3 

1000 

23.9 

±0.0 

Again,  if  the  groups  of  1000  cells  are  rearranged  as  groups  of  2000  cells 
the  percentage  of  binucleated  cells  varies  from  22.6  to  25.3  (c).  The  percent¬ 
age  deviation  from  23.9  per  cent  now  varies  from  — 1.3  when  the  percentage 
of  binucleated  cells  is  22.6  to  +1.4  when  the  percentage  of  binucleated 
cells  is  25.3. 


(c)  Cell 
Groups 

2004 

2004 


Binucleated 

Cells 

% 

22.6 

25.3 


Deviation 

% 

-1.3 
+  1.4 


From  the  analyses  set  out  under  a,  b,  c,  it  is  evident  that  the  difference 
in  the  incidence  of  binucleated  cells  obtained  by  counting  2000  and  5000  cells, 
respectively,  is  negligible.  To  be  on  the  safe  side,  however,  the  incidence  of 
binuclear  cells  was  assessed  by  examining  3000  cells. 

The  results  of  the  various  experiments  were  analyzed  statistically  by  the 
qualitative  formula  recommended  by  Dahlberg  (1940).  Using  this  formula  it 
was  found  that  a  difference  of  2.5  per  cent  or  more  in  the  percentage  of  bi¬ 
nuclear  cells  was  significant. 


EXPERIMENTAL  RESULTS 

Experiment  1.  (Rabbits  1,  2,  3,  table  1.)  These  were  normal  un-, 
castrated  animals.  The  incidence  of  binuclear  liver  cells  in  these 
animals  was  averaged  (26%)  and  w^as  regarded  for  the  purpose  of  this 
study,  as  representing  the  number  of  binuclear  cells  in  the  liver  of 
adult  uncastrated  rabbits. 

Two  w'eeks  after  ovariectomy  (rabbits  4,  5,  6)  the  incidence  of 
binucleated  cells  was  22.6  per  cent.  The  difference  in  the  averages 
between  castrated  and  uncastrated  rabbits  is  significant.  Castration, 
therefore  leads  to  a  decrease  in  the  number  of  binucleated  cells  in  the 
liver  as  compared  with  the  liver  of  normal  rabbits. 

As  both  the  estradiol  benzoate  and  the  progesterone  were  dis¬ 
solved  in  sesame  oil,  it  was  necessary  to  ascertain  whether  the  oil 
alone  could  affect  the  number  of  binucleated  cells  in  the  liver.  Ac¬ 
cordingly,  rabbit  7  was  injected  daily  for  11  days  with  1  cc.  of  sesame 
oilr  From  table  1  it  can  be  seen  that  there  is  a  significant  increase 
in  the  number  of  binucleated  cells  after  treatment  with  sesame  oil  as 
compared  with  castrated  and  non-castrated  animals. 
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In  view  of  the  fact  that  an  increase  of  binucleated  cells  occurs 
after  injection  of  sesame  oil  and  as  this  factor  would  be  constantly 
operating  in  the  subsequent  experiments,  care  was  taken  to  see  that 
the  various  concentrations  of  estradiol  benzoate  and  progesterone 
were  dissolved  in  such  a  way  that  the  same  amount  of  sesame  oil  was 
used  throughout  the  experiments. 

It  is  evident,  therefore,  that  there  are  two  types  of  control  animals. 


Table  1.  Occurrence  of  binucleated  cells  in  liver  of  normal  and  expre- 

IMENTAL  RABBITS 


Rabbit 

No. 

Pre- 

Treatment 

with 

Estradiol 

Combined  Estradiol 
and  Progesterone 

Ratio 

Estradiol: 

Proges¬ 

terone 

No.  of 
Cells 
Counted 

Total 
No.  Bi¬ 
nu¬ 
cleated 
cells 

%  Bi¬ 
nu¬ 
cleated 
cells 

Total 
Estradiol 
Over  4 
Days 

Total 
Progester¬ 
one  Over 

4  Days 

mg. 

mg. 

mg. 

■■jHIIII 

1 

Normal 

5015 

1317 

26.3 

2 

Normal 

5016 

1367 

27.3 

3 

Normal 

5016 

1225 

24.4 

4 

Castrated 

5008 

1201 

23.9 

5 

Castrated 

5022 

1059 

21.1 

6 

Castrated 

5012 

1152 

22.9 

7 

1  cc.  sesame  oil  for  11  days.  1 

3003 

931 

31.0 

,  8 

0.07 

4.00 

3000 

1164 

38.8 

9 

0.07 

20.00 

3010 

948 

31.4 

10 

0.07 

4.00 

20.00 

3024 

1582 

52.3 

11 

0.07 

4.00 

1.50 

3014 

1414 

46.9 

12 

0.07 

4.00 

3.00 

3002 

880 

29.3 

13 

0.07 

4.00 

6.00 

3014 

848 

28.1 

14 

0.07 

4.00 

12.00 

1:3 

3024 

690 

22.6 

15 

0.07 

0.40 

3.00 

1:7.5 

3008 

1241 

41.2 

16 

0.07 

0.40 

6.00 

1:15 

3000 

1428 

47.6 

17 

0.07 

0.40 

12.00 

1:30 

3006 

1342 

44.6 

18 

0.0058 

0.01 

0.75 

1:75 

3013 

1753 

58.1 

19 

0.0058 

0.005 

0.75 

1:150 

3024 

1662 

54.9 

20 

0.0058 

0.0025 

0.75 

1:300 

3000 

1476 

49.2 

21 

0.0058 

0.01 

1.50 

1:150 

3003 

1558 

51.8 

22 

0.0058 

0.005 

1.50 

1:300 

3002 

1422 

47.3 

23 

0.0058 

0.0025 

1.50 

1:600 

3003 

994 

33.1 

the  castrated  untreated  animals  and  the  sesame  oil-treated  animal. 

Experiment  2.  Castrated  rabbits  8,  9,  10,  (table  1)  were  pretreated 
with  a  relatively  high  dose  of  estradiol  benzoate  for  7  days  during 
which  period  a  total  of  0.07  mg.  was  administered.  Rabbit  8  received 
4  mg.  of  estradiol  benzoate  in  addition  to  20  mg.  of  progesterone, 
while  rabbit  9  was  given  no  further  treatment  with  estradiol  and  in¬ 
stead  was  injected  with  20  mg.  of  progesterone.  In  rabbit  8  which  had 
received  only  estrogen  treatment,  the  binuclear  cells  had  increased 
to  38  per  cent.  In  rabbit  9.  which  had  received  the  priming  dose  of 
estradiol  benzoate  followed  by  20  mg.  of  progesterone  alone,  the 
binucleated  cells  increased  to  31.4  per  cent.  This  latter  effect  is  almost 
identical  to  that  obtained  after  sesame  oil  alone,  but  it  is  greater  than 
the  number  of  binucleated  cells  in  the  controls  (rabbits  4, 5,  6,  table  1). 

In  rabbit  10,  which  had  received  the  priming  dose  as  well  as  a 
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combination  of  4  mg.  of  estradiol  benzoate  and  20  mg.  of  progesterone, 
the  binucleated  cells  had  risen  to  the  extraordinary  level  of  52  per 
cent  i.e.  more  than  double  the  incidence  in  castrated  animals.  After 
4  mg.  of  estradiol  benzoate  alone  there  was  a  small  but  significant  in¬ 
crease  as  compared  with  the  sesame  oil-treated  animal  (rabbit  7),  but 
a  very  definite  increase  as  compared  with  the  castrated  untreated 
controls  (4,  5,  6). 

From  this  it  follows  that  estrogen  increases  the  incidence  of  binu¬ 
cleated  cells  in  the  liver  and  progesterone  does  the  same  but  to  a  lesser 
extent.  Moreover,  the  unphysiological  combination  of  large  concen¬ 
trations  of  estradiol  benzoate  and  progesterone  which  more  than 
doubles  the  incidence  of  binuclear  cells  in  the  liver  also  leads  to  a  pro¬ 
found  disturbance  of  the  vascular  mechanism  in  the  uteri  of  the  same 
animals  (Gillman,  1941). 

The  factors  responsible  for  exciting  such  a  marked  change  in  the 
nuclei  of  the  liver  cells  now  remained  to  be  determined. 

Experiment  S.  Rabbits  10,  11,  12,  13  and  14  all  were  primed  with 
estrogen  as  in  experiment  2.  Thereafter,  the  rabbits  each  received  4 
mg.  of  estradiol  benzoate  combined  with  different  concentrations  of 
progesterone  ranging  from  1.5  to  12  mg.  It  w  as  expected  on  the  basis 
of  experiment  2  (rabbit  10)  that  the  higher  the  dose  of  progesterone, 
the  greater  would  be  the  number  of  binuclear  cells,  but  as  will  be  seen 
from  table  1,  there  is  a  progressive  decrease  in  the  number  of  binu¬ 
cleated  cells  when  the  progesterone  is  gradually  increased  from  1.5 
mg.  to  12  mg.  Actually,  the  incidence  of  binucleated  cells  in  the  rabbit 
treated  with  4  mg.  of  estradiol  benzoate  and  1.5  mg.  of  progesterone 
(rabbit  11)  was  more  than  double  that  of  the  animal  treated  with  4 
mg.  of  estradiol  benzoate  and  12  mg.  of  progesterone  and  almost 
identical  with  that  obtained  after  4  mg.  of  estradiol  benzoate  and  20 
mg.  of  progesterone.  After  4  mg.  of  estradiol  benzoate  and  12  mg.  of 
progesterone,  the  incidence  of  binuclear  cells  was  the  lowest  in  the 
whole  series  and  was  10  per  cent,  lower  than  after  sesame  oil  alone. 
Since  the  amount  of  sesame  oil  used  in  this  rabbit  was  as  much  as  that 
injected  into  rabbit  7,  and  as  sesame  oil  alone  is  capable  of  increasing 
the  binuclear  cells  in  the  liver,  it  is  obvious  that  4  mg.  of  estradiol 
benzoate  and  12  mg.  of  progesterone  cannot  be  regarded  as  being  im¬ 
potent  in  affecting  the  nuclei  of  the  liver  cells.  Without  reference  to 
the  other  experiments,  the  results  obtained  from  rabbit  14  could  be 
regarded  legitimately  as  insignificant,  but  when  taken  in  conjunction 
with  the  data  on  rabbits  11, 12  and  13  it  is  seen  that  there  is  a  progres¬ 
sive  decrease  in  the  incidence  of  the  binuclear  cells  as  the  amount  of 
progesterone  is  increased  from  1.5  to  12  mg. 

It  might  be  asked  why  it  is  that  20  mg.  of  progesterone  given  in 
combination  with  4  mg.  of  estradiol  benzoate  leads  to  a  phenomenal 
increase  in  the  binuclear  cells,  whereas  the  livers  of  the  rabbits  treated 
with  12  mg.  of  progesterone  and  4  mg.  of  estradiol  benzoate  have  the 
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lowest  incidence  of  binucleated  cells  and  the  injection  of  1.5  mg.  of 
progesterone  and  4  mg.  of  estradiol  benzoate  is  attended  by  an  in¬ 
crease  of  binucleated  cells  almost  as  high  as  that  obtained  with  20 
mg.  of  progesterone  combined  with  4  mg.  of  estradiol  benzoate.  No 
answer  can  yet  be  given  to  these  questions.  The  nature  of  the  vascular 
responses  elicited  in  the  uteri  is  altered  however,  when  the  progester¬ 
one  is  increased  beyond  12  mg.,  but  between  1.5  and  6  mg.  the  effects 
are  manifested  chiefly  in  the  glands  and  only  to  a  lesser  degree  in  the 
blood  vessels. 


Table  2.  Effect  of  large  amounts  of  estradiol  benzoate  and  progesterone 

ON  THE  INCIDENCE  OF  BINUCLEATED  CELLS  IN  THE  RABBIT  LIVER 


Rabbit 

No. 

Amount  of 
Estradiol 
Benzoate  (E) 

Amount  of 
Progesterone 
(P) 

Binucleated 
cells  (B) 

1  Remarks 

mg. 

mg. 

% 

12 

4.0 

3 

29.3 

1 

15 

0.4 

3 

41.2 

Boc  — 

E 

13 

4.0 

6 

28.1 

1 

16 

0.4 

6 

47.6 

B«  — 

E 

14 

4.0 

12 

22.6 

1 

17 

0.4 

12 

44.6 

Boc  — 

E 

Experiment  4.  (Rabbits  15,  16,  17,  table  1.)  Having  thus  far  estab¬ 
lished  that  4  mg.  of  estradiol  benzoate  is  apparently  necessary  in  com¬ 
bination  with  progesterone  to  alter  the  incidence  of  binucleated  cells 
in  the  liver  as  shown  in  experiment  3,  it  w  as  decided  to  decrease  the 
estradiol  benzoate  from  4  mg.  to  0.4  mg.  and  to  treat  the  animals  with 
the  same  concentration  of  progesterone  as  in  rabbits  12,  13,  14.  The 
results,  taken  collectively,  indicated  that  there  was  a  marked  increase 
in  the  binuclear  cells.  There  was  no  obvious  significant  difference  in 
the  incidence  of  the  binuclear  cells  in  these  livers  when  compared  with 
each  other,  nor  did  the  binucleated  cells  decrease  proportionally  to  the 
increase  in  the  amount  of  progesterone  as  in  rabbits  11,  12, 13  and  14. 
In  rabbit  16,  0.4  mg.  of  estradiol  benzoate  and  6  mg.  of  progesterone 
evoked  a  reaction  in  the  liver  similar  to  that  obtained  after  treatment 
with  4  mg.  of  estradiol  benzoate  and  1.5  mg.  of  progesterone. 

If  data  from  the  animals  in  experiments  3  and  4  are  arranged  as  in 
table  2  and  then  compared,  it  is  evident  that  the  number  of  binuclear 
cells  varies  inversely  as  the  absolute  amount  of  estradiol  benzoate. 
No  relationship  exists  between  the  ratios  of  the  hormones  and  the 
incidence  of  binucleated  cells  in  the  liver  (table  1). 

Experiment  6.  (Rabbits  18,  19,  20,  21,  22,  23,  table  1.)  Hitherto, 
the  priming  dose  of  estradiol  benzoate  as  well  as  the  large  amounts  of 
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estrogen  and  progesterone  were  unphysiological  and  evoked  reactions 
in  the  uterus  which  are  not  usually  regarded  as  approximating  those 
normally  seen  in  that  organ.  A  new  series  of  experiments  was  pro¬ 
jected  to  discover  the  reactivity  of  the  liver  with  quantities  of  the 
hormones  fluctuating  between  levels  which  could  be  regarded  as 
physiological  (Gillman  and  Stein  1941).  Despite  the  use  of  very  small 


Table  3.  Effect  of  physiological  amounts  of  estradiol  benzoate  and 

PROGESTERONE  ON  THE  INCIDENCE  OP  BINUCLEATED  CELLS  IN  THE  RABBIT  LIVER 


Rabbit 

No. 

Amount  of 
Estradiol 
Benzoate  (E) 

Amount  of 
Progesterone 

1 

Binucleated 

Cells 

(B) 

Remarks 

mg. 

% 

18 

0.01 

58.1 

1 

21 

0.01 

51.8 

B«  — 

P 

19 

0.005 

0.75 

54.9 

1 

22 

0.005 

1.50 

47.3 

B«  — 

P 

20 

0.0025 

0.75 

49.2 

1 

23 

0.0025 

1.50 

33.1 

Boc  — 

P 

quantities  of  estradiol  benzoate  and  progesterone,  the  incidence  of 
binucleated  cells,  with  one  exception  (rabbit  23)  varied  from  33.1  to 
58.1  per  cent,  in  fact,  these  small  doses  produced  the  highest  incidence 
of  binucleated  cells  in  the  whole  series  as  can  be  seen  in  the  figures  for 
rabbits  18,  19. 

Irrespective  of  whether  the  total  amount  of  progesterone  was  fixed 
at  0.75  mg.  or  1.5  mg.,  a  decrease  of  estradiol  benzoate  from  0.01  mg. 
to  0.0025  mg.  was  followed  by  a  steady  decrease  in  the  number  of  binu¬ 
cleated  cells  in  the  liver.  In  both  of  these  sets  of  experiments  in  which 
0.75  and  1.5  mg.  of  progesterone  were  maintained  at  a  constant  level, 
the  incidence  of  binuclear  cells  varied  directly  with  the  amount  of 
estradiol  benzoate.  Further,  if  these  results  are  so  grouped  that  the 
animals  which  received  the  same  amount  of  estradiol  benzoate  but 
with  fluctuating  quantities  of  progesterone  (table  3),  it  becomes  ob¬ 
vious  that  the  incidence  of  binucleated  cells  varies  inversely  as  the 
absolute  amount  of  progesterone. 

Moreover,  it  can  be  seen  from  table  1  that  when  these  physiological 
doses  are  used,  there  is  a  definite  relationship  between  the  ratios  of  the 
hormones  and  the  occurrence  of  the  binuclear  cells  in  the  liver.  In 
-  rabbits  19  and  22  it  is  evident  that  the  ratio  of  the  hormones  is  1 : 150 
by  weight.  In  rabbit  22,  the  absolute  quantities  of  the  hormones  are 
double.that  used  in  rabbit  19,  yet  the  binuclear  response  is  almost  the 
same  in  both.  This  relationship  is  also  seen  in  experiments  on  rabbits 


January,  1944  HORMONE  ACTION  ON  LIVER  CELL  NUCLEI  57 

20  and  23.  If  the  ratio  between  the  estradiol  and  progesterone  is  de¬ 
creased  from  1:150  to  1:300  as  in  rabbits  19,  20,  21  and  22,  a  cor¬ 
responding  reduction  is  observed  in  the  incidence  of  the  binucleated 
cells. 

DISCUSSION 

Apart  from  the  investigations  of  Pfuhl  (1930),  Clara  (1930), 
Fishback  (1929),  Gillman  (1940)  and  Beams  and  King  (1942)  little 
significance  has  been  attached  to  the  presence  of  binucleated  cells  in 
the  liver  as  an  expression  of  liver  activity.  Pfuhl,  although  he  men¬ 
tions  the  fact  that  the  binucleated  cells  seem  to  be  increased  in  certain 
pathological  states,  emphasizes  that  it  is  not  easily  possible  to  obtain 
precise  information  concerning  the  incidence  of  binucleated  cells  in 
single  thin  sections.  Clara  (1930)  attempted  to  discover  whether  the 
number  of  binucleated  cells  was  affected  by  age  and  disease.  Beams 
and  King  (1942)  were  concerned  largely  with  discovering  the  origin 
of  the  binucleated  cells.  Sternheimer  (1939)  mentions  casually  that  96 
hours  after  a  single  injection  of  thyroxin  the  binucleated  cells  in  the 
liver  are  numerous.  The  results  obtained  from  the  present  investiga¬ 
tion  indicate  that  the  liver  nuclei  are  extremely  sensitive  to  variations 
in  concentration  of  estrogen  and  progesterone.  In  many  respects  the 
liver  parallels  in  its  own  way,  the  actions  of  these  hormones  in  the 
uterus  and  vagina.  The  liver  is  so  sensitive  that,  in  fact,  the  incidence 
of  binucleated  cells  could  be  used  as  a  routine  indicator  of  the  re¬ 
activity  of  the  liver  in  response  to  the  female  sex  hormones,  if  the 
technique  for  this  purpose  were  not  so  laborious,  as  at  least  3000  cells 
must  be  counted  before  the  results  can  be  reliably  interpreted. 

It  is  well  known  that  estrogens  are  capable  of  exciting  mitotic 
activity  in  the  uterus  and  vagina  whereas  progesterone  inhibits  this 
activity.  Cleveland  (1940)  in  a  study  of  the  endometrium  of  the 
monkey  found  that  in  animals  treated  with  estrogen  alone  there  was 
an  abundance  of  mitotic  figures  in  the  distal  ends  of  the  epithelial 
cells,  while  after  progesterone  only,  in  the  amounts  employed,  one 
mitotic  figure  was  seen. 

In  the  liver,  however,  it  has  been  demonstrated  that,  although 
estrogen  increases  the  number  of  binucleated  cells,  (rabbit  8)  and  that 
such  an  increase  must  be  taken  to  be  the  result  of  nuclear  division, 
whether  direct  or  indirect,  the  increase  is  slight  as  compared  with  that 
obtained  when  estrogen  and  progesterone  are  combined.  This  com¬ 
bination  of  estrogen  and  progesterone  under  specific  conditions  (rab¬ 
bits  10,  18,  19,  21)  is  capable  of  leading  to  a  100  per  cent  increase  in 
the  binuclear  cells  as  compared  with  castrated  untreated  animals. 
In  this  respect,  therefore,  the  liver  responds  to  progesterone  in  the 
presence  of  estrogen,  in  a  manner  directly  opposite  to  that  of  the 
uterus  and  vagina.  It  is  important  to  note  at  this  juncture,  that  Lip- 
shutz  and  Vargas  (1941),  were  able  to  inhibit  the  formation  of  uterine 
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myomata  induced  by  prolonged  treatment  with  estrogen  in  the  guinea- 
pig  by  means  of  progesterone. 

It  is  evident,  therefore,  that  the  reactivity  of  the  nucleus  of  the 
liver  cell  differs  notably,  not  only  from  that  in  the  uterus  and  vagina, 
but  also  from  those  tissues  which  are  capable  of  being  stimulated  to 
proliferate  under  estrogen  treatment. 

Hitherto,  investigations  of  the  role  of  the  liver  in  estrogen  and 
progesterone  metabolism  have  been  of  a  biochemical  or  of  a  physio¬ 
logical  nature.  That  the  excretion  and  inactivation  of  estrogen  is  a 
part  of  the  program  of  liver  metabolism  is  becoming  more  evident; 
that  profound  modifications  of  the  liver  cells  occur  in  the  process  of 
such  metabolism  has  been  demonstrated  in  this  study. 

The  extent  of  the  reaction  in  the  liver  cell  nucleus  in  response  to 
estrogen  and  progesterone  may  not  appear  very  extensive  from  the 
examination  of  a  small  section  such  as  is  used  for  histological  purposes, 
but  when  it  is  borne  in  mind  that  the  liver  is  the  largest  gland  in  the 
body,  the  extent  of  the  disturbance  in  nuclear  metabolism  can  only 
then  be  appreciated  in  its  true  perspective. 

SUMMARY  AND  CONCLUSIONS 

The  incidence  of  binucleated  cells  in  the  liver  has  been  investigated 
in  normal  female  rabbits,  in  castrated  rabbits,  and  in  castrated  rab¬ 
bits  treated  with  estradiol  benzoate,  progesterone  and  combinations 
of  these  hormones. 

Castration  led  to  a  significant  reduction  in  the  incidence  of  bi¬ 
nucleated  cells.  Sesame  oil  alone  increased  the  number  of  binucleated 
cells  well  above  the  level  of  that  of  normal  and  castrated  rabbits. 

Estrogen  alone  increased  the  incidence  of  binucleated  cells.  Pro¬ 
gesterone  also  increased  the  binucleated  cells,  but  to  a  lesser  extent 
than  estrogen.  Four  mg.  of  estradiol  benzoate  combined  with  20  mg.  of 
progesterone  increased  the  binucleated  cells  to  double  that  number 
present  in  the  liver  of  the  castrated  rabbit. 

It  was  demonstrated  that  after  treatment  with  injections  of  estra¬ 
diol  benzoate  varying  from  0.4  mg.  to  4  mg.,  together  with  3  to  12 
mg.  of  progesterone,  the  number  of  binucleated  cells  varied  inversely 
as  the  amount  of  estradiol  benzoate.  In  these  concentrations  too,  it 
was  evident  that  the  binucleated  cells  bore  no  constant  relationship 
to  the  ratio  of  the  amount  of  estradiol  benzoate  and  progesterone. 

When  physiological  concentrations  of  estradiol  benzoate  and  pro¬ 
gesterone  were  administered  to  castrated  rabbits,  it  was  possible  to 
increase  the  binucleated  cells  to  a  greater  extent  than  was  achieved 
with  4  mg.  of  estradiol  benzoate  and  20  mg.  of  progesterone.  Using 
these  concentrations,  it  was  shown  that  the  incidence  of  binucleated 
cells  varies  inversely  as  the  amount  of  progesterone. 

With  physiological  concentrations,  there  was  a  direct  relationship 
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between  the  ratio  of  the  amount  of  estradiol  and  progesterone  and  the 
incidence  of  binucleated  cells. 

Whether  the  liver  inactivates  or  excretes  estradiol  benzoate  and 
progesterone,  these  activities  are  not  achieved  without  affecting  the 
nuclei  of  the  liver  cells. 

It  was  revealed  that  the  nuclei  of  the  liver  behaved  in  a  manner 
different  to  that  described  for  the  epithelial  cells  of  the  uterus  and 
vagina  after  treatment  with  estradiol  benzoate  in  combination  with 
progesterone. 

I  wish  to  thank  Professor  Dart  for  allowing  the  conduct  of  this  work  in  his  depart¬ 
ment.  This  work  was  done  under  the  direction  of  Dr.  Joseph  Gillman  to  whom  I  am 
indebted  for  much  helpful  criticism  and  advice.  I  wish  to  thank  Dr.  L.  H.  Wells  for  his 
advice  and  help  with  the  statistical  analysis  of  the  figures. 
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The  conclusion  that  the  adrenal  gland,  in  contrast  to  other  tissues 
in  the  body,  was  exceedingly  resistant  to  transplantation  (Oldberg, 
1929)  has  been  followed  by  a  large  number  of  critical  studies.  These 
have  shown  that  grafts  of  this  organ  can  be  made  which  will  give 
protection  against  the  insufficiency  resulting  from  complete  adrenal¬ 
ectomy.  Among  the  sites  chosen  for  implantation  the  following  have 
been  particularly  useful:  the  intramuscular  area  (Jaffe  and  Plavska, 
1926;  Dornfeld,  1937 ;  Wyman  and  turn  Suden,  1937 ;  1941),  the  ovary 
(Pencharz  and  Olmsted,  1931;  Martin,  1932;  Ingle  and  Higgins, 
1938;  Eversole,  Edelmann  and  Gaunt,  1940),  the  kidney  (Eversole, 
et  al.,  1940),  the  eye  (Turner,  1939;  Turner,  Haffen  and  St.  Amant, 
1939L  and  the  pinna  of  the  ear  (Kroc,  1942).  Most  of  this  work  has 
been  done  with  the  rat,  and  while  it  has  consisted  largely  of  auto¬ 
plastic  transplantations,  homoioplastic  grafts  have  also  been  found 
successful.  Recently  Katz  and  Mainzer  (1941)  have  reported  on  the 
use  of  grafts  in  the  treatment  of  Addison’s  disease.  The  present 
authors  are  concerned  with  using  the  brain  as  a  suitable  site  for 
adrenal  grafts. 

Since  1917  Roffo  has  been  reporting  results  obtained  with  homolo¬ 
gous  intracerebral  grafts  of  malignant  tissue.  Shirai  (1921)  was  able 
to  obtain  successful  growth  of  heteroplastic  tumor  tissue  in  the  brain 
of  the  pigeon,  rat  and  guinea  pig.  These  observations  w  ere  confirmed 
by  Murphy  and  Sturm  (1923).  The  cerebral  surface  as  a  culture  me¬ 
dium  has  also  proved  useful  in  demonstrating  that  undifferentiated 
bone  primordia  grew  at  normal  rates  into  the  corresponding  long 
bones  (Willis,  1936).  Differentiation  of  the  retina  in  cerebral  culture 
has  been  utilized  by  Tansley  (personal  communication)  in  investi¬ 
gating  an  eye  defect  of  genetical  origin.  Harde  (1923)  has  described  a 
technique  for  homologous  and  heterologous  tumor  grafts  and  has 
discussed  the  probable  reasons  why  these  transplants  have  been  suc¬ 
cessful.  He  asserts  that  such  grafts  are  favored  by  the  consistency  of 
the  cortex  as  well  as  by  its  vascularity,  by  the  slowmess  and  low  in¬ 
tensity  of  its  defence  mechanisms  and,  possibly  most  important,  by 
its  chemical  nature. 

In  a  study  of  various  adult  cellular  extracts  Trowell  and  Willmer 
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(1939)  found  that  brain  tissue  exhibited  a  capacity  for  stimulating  the 
growth  of  fibroblasts  in  vitro  far  above  that  of  11  other  organs.  The 
correlation  between  this  phenomenon  and  the  notion  that  growth 
promotion  in  tissue  cultures  is  associated  with  a  non-phosphorylating 
glucolytic  mechanism  w  as  developed  in  a  paper  by  Pomerat  and  Will- 
mer  (1939).  While  the  explanation  for  the  mechanism  of  growth 
stimulation  by  a  reaction  in  which  glucose  is  broken  down  directly, 
without  the  intervention  of  phosphorylation  characteristic  of  the 
muscle  cycle,  remains  unexplained,  it  is  significant  that  this  system 
seems  to  be  common  to  malignant  tissue  (Warburg,  1930),  brain 
(Ashford  and  Holmes,  1929;  Page,  1930),  and  the  embryo  (Needham 
and  Nowinski,  1937;  Needham  and  Lehman,  1937  a,  b;  Baker,  1938). 
Thus,  there  is  a  biochemical  basis  for  the  expectation  that  the  cere¬ 
bral  cortex  may  be  suitable  as  a  site  for  the  transplantation  of  endo¬ 
crine  tissue. 

MATERIAL  AND  METHODS 

Albino  rats  weighing  approximately  100  gm.  were  used  as  hosts  for 
adrenals  which  were  derived  from  newborn  animals  of  the  same  species. 

Adrenal  of  the  new  born  rat.  The  diameter  of  the  gland  employed  in  these 
experiments  ranged  from  0.7  to  1.0  mm.  The  medullary  area  in  the  adrenal 
of  the  newborn  rat  is  relatively  small  compared  to  that  of  the  adult  animal 
(Pankratz,  1931).  The  cortical  portion  exhibits  no  marked  differentiation  of 
the  zona  glomerulosa,  fasciculata  and  reticularis  (fig.  1).  At  high  magnifica¬ 
tion  the  cells  of  the  presumptive  zona  fasciculata  (fig.  2)  show  relatively  little 
evidence  of  secretory  activity. 

Under  ether  anesthesia  the  skin  of  the  head  was  cut  in  the  mid-dorsal 
line.  A  small  area  of  parietal  bone  was  cleared  of  fascia  and  periosteum  by 
means  of  a  scalpel.  A  drill  slightly  more  than  one  mm.  in  cross  section,  ordi¬ 
narily  used  for  performing  hypophysectomies  via  the  pharyngeal  route,  was 
found  most  suitable  as  atrephine.  A  stylet  from  a  hypodermic  needle  was  bent 
to  form  a  loop  slightly  less  than  one  mm.  in  diameter  and  mounted  in  a  con¬ 
venient  handle.  After  trephining  the  loop  of  this  instrunent  was  inserted 
between  the  inner  aspect  of  the  parietal  bone  in  the  lateral  field  slightly  be¬ 
yond  the  margin  of  the  bony  aperture  and  turned  through  an  arc  of  180  de¬ 
grees.  Thus,  a  pocket  was  created  in  the  cerebral  cortex  approximately  equal 
in  size  to  the  adrenal  of  the  newborn  rat.  If  the  ventricle  is  punctured  the 
animal  does  not  survive  (Harde,  1923). 

The  adrenal  gland  was  then  transferred  from  the  donor  to  the  area  of  the 
trephine.  It  was  found  desirable  to  permit  the  adrenal  to  lie  for  a  few  mo¬ 
ments  in  the  presence  of  host  blood  at  the  bony  entrance  before  attempting 
to  insert  it  into  the  interior  of  the  skull.  Using  a  narrow  dental  chisel  the 
gland  was  then  pressed  inward  and  at  the  same  time  the  handle  of  the  chisel 
was  made  to  describe  an  arc  of  180  degrees  so  that  the  gland  at  its  tip  was 
directed  into  the  cerebral  pocket.  When  properly  executed,  this  movement 
placed  the  gland  on  the  abraded  surface  of  the  parietal  lobe  and  not  directly 
under  the  opening  in  the  skull.  The  skin  edges  were  then  closed  by  means  of 
a  small  Michel  clip.  Immediately  upon  completion  of  the  brain  operation 
the  skin  of  the  right  lumbar  area  was  opened  in  the  direction  of  the  long 
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axis,  the  body  wall  split  by  means  of  curved  forceps  and  the  adrenal  gland 
of  that  side  brought  into  view.  This  was  removed  with  scissors  in  such  a  way 
as  to  leave  no  capsular  tissue  behind.  One  or  two  weeks  later  the  left  adrenal 
was  removed. 

Rats  were  weighed  every  day  or  every  other  day.  They  were  fed  with 
Wayne  dog  food  blox  and  water  was  constantly  available,  but  no  vegetables 
or  salt  were  added  to  the  diet. 

The  brain  in  the  region  of  transplantation  and  the  lumbar  area  at  a  point 
where  accessory  adrenal  glands  are  usually  found  were  sectioned  upon  death 
of  the  animal,  or  when  experiments  were  terminated.  Fixation  was  with  both 
Bouin’s  and  Helly-Zenker’s  fluid.  Serial  sections  were  cut  at  6/x  and  stained 
with  Delafield’s  hematoxylin  and  eosin  as  well  as  with  Heidenhain’s  azan 
modification  of  Mallory’s  triple  stain. 

RESULTS 

GroUman  (1941)  states  that  animals  weighing  60,  90,  180  and  360 
gm.  survive  15,  18,  21  and  25  days,  respectively,  following  bilateral 
adrenalectomy. 

Series  1.  The  high  mortality  in  the  first  group  of  experiments  is 
attributed  to  brain  damage  and  pulmonary  infections.  Of  a  total  of 
40  animals  only  2  survived  (no.  4  and  11)  39  days  beyond  the  initial 
operation.  Of  the  40,  however,  8  had  had  the  left  adrenal  removed 
only  one  week  after  that  of  the  right  side.  Histological  examination 
suggested  that  insufficient  time  had  been  allowed  for  the  establish¬ 
ment  of  the  cerebral  graft. 

Rat  number  4  had  its  second  adrenal  removed  14  days  after  the 
initial  operation.  At  the  time  it  was  killed  for  study,  21  days  later,  this 
animal  was  apparently  perfectly  healthy  and  its  weight  curve  had 
continued  to  ascend.  Macroscopic  examination  of  the  brain  surface 
revealed  a  slight  protuberance  in  the  area  of  the  implant.  Figure  3 
shows  a  cross  sectional  view  of  the  gland.  It  measured  1.5  mm.  in 
diameter.  In  the  35  days  that  this  gland  had  been  on  the  brain  all 
evidence  of  hemorrhage  had  disappeared.  No  perceptible  accumula- 

Description  of  Figs.  1-9 

Fig.  1.  Adrenal  of  newborn  rat.  Organization  of  the  zona  glomerulosa  and  zona 
fasciculata  is  not  very  evident.  X210.  Fig.  2.  Adrenal  of  newborn  rat.  Cells  of  the  pre¬ 
sumptive  zone  fasciculata  showing  little  evidence  of  secretory  activity.  .X1900. 

Fig.  3-11.  Adrenal  of  newborn  rat  grafted  on  the  cerebral  cortex  of  a  100-gm.  adult 
for  45  days.  The  host  had  been  bilaterally  adrenalectomized  for  21  day^ 

Fig.  3.  Section  through  the  central  part  of  the  fraft  showing  its  relation  to  the 
brain  surface.  X23.  Fig.  4.  Zone  of  contact  at  a  point  near  the  surface  of  the  brain 
showing  evidences  of  histological  differentiation.  The  brain  is  at  the  left  while  zones 
resembling  the  appearance  of  adult  adrenal  glomerulosa  and  fasciculata  can  be  seen  on 
the  right.  X210. 

Fig.  5.  Zone  of  contact  at  the  basal  end  of  the  gland.  Adrenal  above  and  brain 
below.  Note  the  absence  of  aggregations  of  host  phagocytic  elements.  XlO.  Fig.  6.  Cells 
from  the  central  part  of  the  graft  showing  the  negative  picture  of  secretory  activity. 
X1900. 

Fig.  7-9.  Mitotic  activity  in  cells  of  the  peripheral  portion  of  the  adrenal  graft. 
X2800. 
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Figs.  1-9.  See  opposite  page  for  description. 

tion  of  phagocytic  elements  from  the  host  could  be  found  near  the 
zone  of  contact  with  the  brain  (fig.  5).  Capillaries  were  numerous, 
especially  on  the  free  surface  where  functional  arterioles  were  found. 
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Fig.  10.  Adrenal  from  a  newborn  rat  269  days  after  transplanting  on  the  cerebral 
cortex  of  an  adrenalectomized  rat  host.  Animal  51.  X13.  Fig.  11.  Zone  of  contact  be- 
tw'cen  a«  adrenal  graft  and  the  brain  (parietal  lobe).  Animal  51.  XIOO. 

Fig.  12.  Contact  between  an  adrenal  graft  and  the  brain  showing  the  arrangement 
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Cells  showing  mitotic  activity  were  relatively  common  (fig.  6,  7,  8). 
Evidences  of  differentiation  were  suggested  by  the  presence  near  the 
periphery  of  groups  of  cells  (fig.  4)  the  size  of  which  was  considerably 
greater  than  those  of  the  next  layer.  Central  to  this  portion,  w  hich  was 
assumed  to  represent  the  zona  glomerulosa,  long  cords  of  cells  were 
found  in  suitably  oriented  sections  (fig.  6).  This  was  identified  as  the 
zona  fasciculata.  The  majority  of  the  glandular  cells  gave  evidence  of 
being  functional.  Centrally  located  cells  in  tissues  prepared  without 
special  techniques  showed  the  negative  picture  of  secretory  activity. 

Animal  11  also  showed  the  effect  of  adrenal  growth  on  the  brain 
for  a  short  time-interval.  It  was  killed  46  days  after  the  removal  of 
the  second  adrenal  so  that  the  graft  had  resided  on  the  brain  for  a 
period  of  60  days.  During  this  period  the  animal’s  weight  increased 
from  77  to  211  gm.  No  accessory  tissue  was  found  at  autopsy.  The 
adrenal  graft  had  grown  approximately  100  per  cent  in  size  and  gave 
histological  evidence  of  secretory  activity. 

Series  2.  In  this  group  48  animals  were  operated  in  the  latter  part 
of  May,  1942.  Pulmonary  infections  were  negligible  in  contrast  to  the 
first  series  which  was  operated  in  the  winter  under  poor  conditions  of 
heating.  The  procedure  which  was  followed  was  the  same  but  with 
some  refinements  in  technique.  In  all  cases  the  second  adrenal  was 
removed  14  days  after  the  graft  was  made.  Fifty  per  cent  of  the  series 
survived  more  than  30  days  after  bilateral  adrenalectomy. 

The  animals  were  allowed  to  live  from  143  to  274  days  following 
the  time  of  the  second  operation.  The  average  weight  of  the  rats 
when  the  adrenal  transplants  were  made  was  80  gm.  Weighings  were 
made  every  2  days  for  the  first  100  days  at  which  time  the  weight 
had  increased  by  an  average  value  of  135  gm.  The  results  are  shown 
in  table  1. 

Since  the  animals  w'ere  in  good  health  and  their  growth  curves 
had  risen  steadily  it  may  be  presumed  that  cerebral  grafts,  accessory 
or  regenerated  adrenals  were  meeting  the  functional  demands  of 
these  organisms. 

Of  the  48  animals  in  the  second  series  24  survived  both  operative 
manipulations  and  of  these  12  showed  excellent  growth  of  adrenal 
grafts  to  the  cerebral  cortex  with  no  evidence  of  accessory  or  regen- 


of  vessels  in  the  gland  capsule.  The  brain  tissue  is  in  the  lower  part  of  the  figure.  Animal 
44.  X700.  Fig.  13.  Transplant  showing  the  differentiation  of  the  characteristic  divisions 
of  the  adrenal  cortex.  Animal  43.  X400. 

Fig.  14.  Relationship  between  the  pre-secretory  (zona  glomerulosa)  and  secretory 
areas  (zona  fasciculata)  in  relation  to  the  capsule  and  brain.  Animal  47.  X500.  Fig.  15. 
Area  of  proliferation  adjacent  to  the  adrenal  capsule  in  relation  to  cords  of  cells  extend¬ 
ing  into  the  interior  of  the  graft.  Animal  51.  X 1000. 

Fig.  16.  Arrangement  of  cells  adjacent  to  the  capsule.  Note  rows  of  closely  packed 
elements  containing  a  relatively  small  amount  of  cytoplasm.  Animal  42.  X2800. 
Fig.  17.  Cords  of  cells  in  the  central  part  of  the  transplant  showing  the  characteristics 
of  the  zona  reticularis.  Animal  50.  X 1000. 
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crated  tissue.  The  sex  of  the  host  did  not  appear  to  be  a  determining 
factor. 

Histological  examination  of  these  animals  revealed  grafts  which 
had  grown  approximately  400  per  cent.  No  evidence  of  confluence 
between  endocrine  and  brain  tissue  was  found.  The  glands  remained 
discrete  and  encapsulated  when  grown  in  a  shallow  depression  on  the 

Table  1.  Results  obtained  in  24  bilaterally  adrenalectomized  animals 

WITH  HOHOIOPLASTIC  ADRENAL  GRAFTS  TO  THE  CEREBRAL  CORTEX.  GrAFT  AND  RIGHT 
ADRENALECTOMY  MADE  SIMULTANEOUSLY;  LEFT  ADRENALECTOMY  14  DAYS  LATER 


Animal 

No. 

Sex 

Time  of 
graft  and 
of  right 
adrenalec¬ 
tomy 

Time  of 
left  ad¬ 
renalec¬ 
tomy 

Graft  at 
Autopsy 

Notes 

days 

days 

41 

F 

150 

164 

*2 

Graft  in  trephined  area 

42 

F 

150 

164 

A‘ 

Graft  in  trephined  area 

43 

F 

150 

164 

A 

44 

M 

161 

175 

Graft  4X3  mm. 

45 

M 

151 

165 

? 

A 

Father  of  7  with  animal  46 

46 

F 

181 

195 

* 

Litter  of  7  on  9/3/42 

47 

181 

195 

• 

A 

Graft  grew  thru  trephine 

48 

236 

250 

? 

49 

F 

236 

250 

R‘ 

Accessory  inch  medulla 

50 

M 

255 

269 

f 

4  mm.  graft 

51 

F 

255 

269 

* 

5  mm.  graft 

52 

F 

255 

269 

Graft  in  trephine  area 

53 

M 

255 

269 

4  mm.  graft  ‘mushroomed’ 

54 

M 

258 

266 

A 

Diffuse  cortex  in  scar 

55 

258 

266 

A 

Scar  calcification  (brain) 

56 

258 

266 

• 

Graft  in  trephined  area 

57 

266 

274 

4  mm.  graft 

58 

266 

274 

Graft  from  2-day-old  donor 

59 

266 

274 

3  mm.  graft 

60 

130 

143 

* 

Graft  adherent  to  scar 

61 

F 

266 

274 

• 

A 

5  mm.  graft 

62 

M 

266 

274 

R 

2  adrenals  in  normal  position 

63 

M 

189 

203 

A 

64 

189 

203 

A 

*  After  complete  adrenalectomy 

*  *  positive  growth. 

*  A,  accessory  adrenal 

‘  R,  regenerated  adrenal. 

surface  or  when  imbedded  deeper  into  brain  substance  (fig.  10,  11, 
12,  14). 

Although  cytological  tests  have  not  yet  been  applied,  histological 
examination  indicates  that  the  various  zones  typical  of  the  adult  rat 
adrenal  cortex  were  differentiated.  These  observations  also  suggest 
that  the  secretory  cycle  proposed  by  Bennett  (1940)  can  be  identified 
in  such  grafts.  Medullary  tissue  has  not  been  positively  identified. 

Patent  blood  vessels  w^ere  common  in  the  capsular  area  (fig.  12) 
and  capillaries  extending  along  the  cords  of  cells  radiating  toward  the 
center  of  the  grafts  were  characteristic  of  normal  adult  cortical  tissue 
(fig.-  14). 

'  At  low  magnification  (fig.  11,  13)  cells  adjacent  to  the  capsule 
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could  be  seen  to  form  a  distinct  zone.  At  higher  magnification  (fig. 
14,  15,  16)  the  cells  of  this  area  were  characterized  by  a  very  small 
amount  of  cytoplasm  in  relation  to  the  size  of  the  nucleus.  Their 
arrangement  as  closely  packed  cuboidal  elements  can  be  seen  in 
figure  16. 

The  bulk  of  the  grafts  was  made  up  of  cells  containing  a  relatively 
large  amount  of  cytoplasm  (fig.  13)  arranged  in  radiating  cords.  Ex¬ 
amination  of  these  elements  at  higher  magnification  (fig.  14,  15) 
showed  unstained  vacuolar  areas  increasing  in  size  in  the  cells  from 
the  periphery  toward  the  center  suggestive  of  the  pre-secretory  and 
secretory  zones  of  Bennett. 

The  central  part  of  the  grafts  (fig.  10)  showed  a  pattern  of  anas- 
tamosing  epithelial  cords  typically  associated  with  the  zona  reticu¬ 
laris.  At  high  magnification  (fig.  17)  these  cells  were  seen  to  be  smaller 
than  those  of  the  adjacent  outer  zone.  Staining  reactions  were  ir¬ 
regular  and  suggestive  of  cells  in  a  state  of  secretory  exhaustion. 

On  the  basis  of  survival,  normal  increase  in  body  weight,  and  his¬ 
tological  evidence  it  is  believed  that  functional  replacement  of  the 
adrenal  glands  of  these  animals  was  brought  about  effectively  by 
homoioplastic  cerebral  grafts  of  adrenal  glands  of  newborn  rats. 

It  will  be  seen  from  table  1  that  4  other  animals  had  successful 
adrenal  grafts  while  two  individuals  had  doubtful  ‘takes.’  These  re¬ 
sults,  however,  were  complicated  by  the  presence  of  accessory  ad¬ 
renal  glands.  The  series  revealed  that  in  9  hosts,  glandular  bodies 
removed  at  autopsy  were  proven  by  histological  examination  to  be 
accessory  adrenals  while  in  two  other  instances  the  location  of  the 
growth  suggested  regeneration  of  fragments  left  behind  at  the  time 
of  the  adrenalectomy. 


SUMMARY 

A  technique  is  described  for  the  transplantation  of  adrenals  from 
newborn  rats  to  the  brain  cortex  of  adult  animals  of  the  same  species. 
Operation  was  performed  in  rats  coincidentally  with  the  removal  of 
the  host’s  left  adrenal.  Two  weeks  later  the  right  adrenal  was  extir¬ 
pated. 

Animals  which  survived  these  manipulations  were  killed  at  various 
time  intervals  and  an  histological  examination  w  as  made  of  the  con¬ 
dition  of  the  cerebral  graft.  A  search  was  also  made  for  accessory  and 
regenerated  adrenals. 

Results  prove  that  homoioplastic  grafts  of  the  adrenal  of  newborn 
rats  to  the  cerebral  cortex  of  adult  rats  resulted  in  the  complete  dif¬ 
ferentiation  of  the  adrenal  cortex  and  provided  adequate  functional 
replacement  in  bilaterally  adrenalectomized  animals  during  a  period 
of  at  least  274  days. 

Grateful  acknowledgement  is  made  to  Mr.  E.  Ehrlich  and  Miss  Helen  Rhodes  for 
assistance  with  the  histological  work. 
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CRETINISM  IN  RATS  INDUCED  BY  THIOURACIL' 

A.  M.  HUGHES 

From  the  Departments  of  Pharmacology  and  Medicine, 

Harvard  Medical  School 
BOSTON,  MASSACHUSETTS 

The  well-known  syndrome  caused  by  a  failure  of  thyroid  function 
has  been  described  in  a  variety  of  animals.  The  effects  of  thyro- 
parathyroidectomy  in  new-born  rats  has  been  studied  quite  thor¬ 
oughly  by  Salmon  (1938),  who  has  observed  the  usual  characteristics 
of  cretinism,  i.e.,  retarded  growth,  lowered  body  temperature,  slug¬ 
gish  reflexes,  awkward  muscular  movements,  persistence  of  infantile 
skull  proportions,  and  greatly  retarded  skeletal  development.  As  an 
alternative  method  of  inducing  hypothyroidism,  thyroid  activity 
can  be  inhibited  or  abolished  by  the  administration  of  anti-thyroid 
drugs  without  the  side-effects  attendant  upon  surgical  operation 
(MacKenzie  and  MacKenzie,  1943;  Astwood,  Sullivan,  Bissell  and 
Tyslowitz,  1943).  In  view  of  this  fact,  it  was  decided  to  determine  the 
effect  of  the  administration  of  one  of  these  drugs,  thiouracil,  on  the 
early  development  of  this  speicies. 

METHODS 

Rats  of  the  Long-Evans  strain  were  used.  Thiouracil*  was  administered 
daily  from  birth  by  the  subcutaneous  injection  of  a  suspension  of  the  fine 
powder  in  0.1  to  0.2  per  cent  agar.  After  weaning  it  was  given  as  a  0.1  per 
cent  solution  in  the  drinking  water.  Whenever  possible,  several  animals  in 
each  litter  served  as  untreated  controls,  but  in  other  experiments  the  entire 
litter  was  treated  and  their  development  compared  with  normal  litters  raised 
concurrently. 

As  a  control  experiment,  the  members  of  several  litters  were  thyroid- 
ectomized  during  the  first  day  of  life  according  to  the  method  of  Salmon, 
(1938).  These  animals,  from  the  time  of  weaning,  were  given  a  1  per  cent 
solution  of  calcium  lactate  as  drinking  water.  Some  were  also  given  daily  oral 
doses  of  vitamin  D.®  The  mortality  was  very  high  during  the  first  few  days  of 
life,  and  of  those  that  did  survive  many  proved  to  be  only  partially  thyroid- 
ectomized. 


Received  for  publication  November  2,  1943. 

*  This  work  was  done  under  the  auspices  of  the  University  Committee  on  Pharma¬ 
cotherapy  and  was  supported  by  a  grant  to  Dr.  E.  B.  Astwood  from  the  Committee 
on  Endocrinology  of  the  National  Research  Council. 

*  Thiouracil,  supplied  by  Dr.  B.  W.  Carey,  Lederle  Laboratories,  Inc.,  Pearl  River, 
N.  Y. 

’  Vitamin  n  (Drisdol)  from  the  Winthrop  Chemical  Co.,  Inc.}  New  York,  N.  Y. 
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RESULTS 

Effect  on  general  development.  Thiouracil  in  dosages  of  1  to  1.25 
mg.  per  day  was  injected  subcutaneously  into  animals  from  10  litters, 
beginning  on  the  day  of  birth.  The  dosage  was  increased  to  2.5  mg. 
on  the  10th  day  and  to  4  mg.  on  the  22nd  day.  In  three  litters  this 
treatment  was  begun  on  the  5th  to  13th  day.  The  injections  were  dis¬ 
continued  at  weaning  and  the  drug  was  given  in  the  drinking  water. 

The  growth  of  young  rats  treated  from  birth  with  thiouracil  was 
markedly  inhibited  and  the  animals  exhibited  many  of  the  cretinous 


Fig.  1.  Early  effect  on  the  growth  rate  of  daily  administration  of  thiouracil  to 
rats,  beginning  on  the  day  of  birth.  The  dotted  line  represents  the  average  of  39  treated 
animals,  the  solid  line  the  average  of  25  controls. 


Fig.  2.  Effect  on  the  growth  rate  of  continued  daily  administration  of  thiouracil 
to  rats.  Data  from  one  thyroidectomized  animal  are  included  for  comparison.  Wei(^hing 
of  controls  was  discontinued  at  60  days.  Therapy  of  the  thyroidectomized  animal  is  in¬ 
dicated  as  follows:  A,  vitamin  D  supplied ^  B,  vitamin  D  replaced  by  liver  concentrate; 
C,  liver  concentrate  discontinued;  D,  middle-ear  infection  noted.  Liver  concentrate 
given,  also  0.5  per  cent  sulfaguanidine  in  food;  K,  killed. 


January,  1944 


CRETINISM  INDUCED  BY  THIOURACIL 


71 


changes  which  follow  ablation  of  the  thyroid  gland  (Salmon,  1938). 
The  averge  rate  of  growth  during  the  first  30  days  of  life  is  shown 
in  figure  1.  The  lag  in  body  weight  was  not  striking  during  the  first 
10  days,  but  became  pronounced  between  20  and  30  days.  The  growth 
rate  of  two  litters  treated  with  thiouracil  for  5  months,  and  a  typical 
growth  curve  for  one  thyroidectomized  animal  in  which  the  complete¬ 
ness  of  operation  was  verified  by  the  examination  of  serial  sections  of 


Fig.  3  {upper).  Thiouracil-treated  male  and  normal  male  litter-mate  control  (age 
10  weeks). 

Fig.  4  {lower).  Same  individuals  as  in  figure  3  (age  26  week.s). 


the  laryngeal  region,  are  compared  in  figure  2.  The  treated  rats 
reached  a  growth-plateau  at  about  60  days.  An  exceptional  animal 
grew  rapidly  during  the  first  8  weeks  and  then  ceased  to  gain  in  weight 
at  the  same  time  as  the  rest  of  the  litter.  The  operated  animal  reached 
a  growth-plateau  at  about  50  days,  and  a  slight  subsequent  gain  in 
weight  followed  the  administration  of  a  liver  concentrate.'* 

The  general  development  of  the  animals  paralleled  the  growth 
curves.  The  appearance  of  the  treated  animals  at  the  ages  of  10  weeks 
and  26  weeks  is  illustrated  in  figures  3  and  4.  The  legs  of  the  animals 
were  weak  and  emaciated.  The  gait  was  uncoordinated,  as  was  re¬ 
vealed  by  uncertainty  in  walking  long  after  untreated  litter-mates 
were  climbing  the  sides  of  the  cage.  The  heads  retained  the  blunt, 
square  shape  which  is  characteristic  of  immature  rats.  The  appear¬ 
ance  of  the  adult  coat,  which  ordinarily  begins  during  the  third  week, 
was  delayed,  the  soft  fur  persisting  until  5  months  of  age.  Develop¬ 
ment  was  retarded  to  such  an  extent  that  it  was  necessary  to  postpone 
the  usual  weaning  time  (21st  day)  until  the  25th  to  30th  day.  After 


*  Liver  concentrate  (special  liver  paste)  from  Armour  Laboratories,  Chicago,  Ill. 


72 


HUCJIIES 


Volume  34 


weaning  it  was  often  necessary  to  continue  feeding  milk  with  a  medi¬ 
cine  dropper,  but  in  spite  of  special  care  the  mortality  rate  between 
25  and  30  days  was  44  per  cent.  In  7  instances  of  extremely  retarded 
development,  drug  administration  was  discontinued  at  the  age  of 
20  to  30  days  in  the  hope  of  keeping  the  rats  alive.  Only  one  of  these 
recovered.  The  rest  continued  to  lose  weight  and  died.  Although  some 


Fig.  5.  Effect  on  the  growth  rat  of  daily  administration  of  thiouracil  to  rats  begin¬ 
ning  on  the  5th  to  13th  day  of  life.  The  dotted  line  represents  the  average  of  11  treated 
animals,  the  solid  line  the  average  of  25  controls. 

Fig.  6.  Effect  on  the  growth  rate  of  young  rats  of  the  administration  of  thiouracil 
to  the  mother.  The  dotted  line  represents  the  average  of  20  young  from  treated  mothers, 
the  solid  line  the  average  of  25  normal  young. 

Fig.  7.  Effect  of  the  simultaneous  administration  of  thiouracil  and  thyroxin,  be¬ 
ginning  on  the  day  of  birth.  The  dotted  lines  represent  animals  receiving  thiouracil 
alone,  the  solid  lines  represent  animals  receiving  thiouracil  and  thyroxin. 

Fig.  8.  Effect  of  the  simultaneous  administration  of  thiouracil  and  thyroxin. 
Thiouracil  administration  began  on  the  day  of  birth,  thyroxin  on  the  7th  day.  The 
dotted  lines  represent  animals  receiving  thiouracil  alone,  the  solid  lines  represent  ani¬ 
mals  receiving  thiouracil  and  thyroxin. 


of  the  animals  lived  for  as  long  as  11  days  after  the  drug  was  with¬ 
drawn,  none  showed  any  signs  of  recovery. 

The  growth  rate  of  the  litters  in  which  treatment  was  started  when 
the  animals  were  between  5  and  13  days  of  age  is  shown  in  figure  5. 
A  comparison  of  this  graph  with  figure  1  shows  that  during  the  first 
4  weeks  growth  is  retarded  nearly  as  much  as  in  the  animals  treated 
from  birth.  However,  the  animals  supplying  the  data  for  figure  5  did 
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not  exhibit  the  plateau  in  growth  but  continued  to  gain  in  weight 
over  a  period  of  3  months  and,  though  larger,  resembled  in  general 
appearance  the  cretinous  animals  described  above. 

Transplacental  and  transmammary  effects.  Thiouracil  was  adminis- 
;d  in  the  drinking  water  to  pregnant  females  beginning  4  to  8 
days  before  parturition  and  continued  after  birth  of  the  young.  The 
growth  rate  of  the  young,  which  received  no  drug  directly,  is  shown 
in  figure  6.  There  was  no  deviation  from  the  normal  until  about  12 
days  of  age,  at  which  time  there  was  a  slight  retardation.  Since  this 
effect  could  have  resulted  either  from  a  transmission  of  thiouracil  to 
the  fetus  through  the  milk  or  from  a  deficient  lactation  due  to  mater¬ 
nal  hypothyroidism,  an  examination  was  made  of  infantile  thyroid 
glands.  The  young  of  several  adult  female  rats  which  had  received 
the  drug  for  8  to  10  months  previously,  and  which  continued  to  re¬ 
ceive  it  after  parturition  were  used.  These  young  rats  were  killed  at 
intervals  up  to  the  age  of  15  days  and  the  thyroid  glands  were  ex¬ 
amined  histologically.  Evidence  of  hyperplasia  was  found  as  early  as 
1  day  of  age.  The  acinar  cells  were  enlarged,  the  colloid  was  less 
abundant  and  stained  less  densely  than  that  of  glands  from  normal 
animals  of  the  same  age.  A  similar,  slight  degree  of  hyperplasia  was 
noted  in  all  of  the  glands  examined  from  animals  aged  1  to  6  days. 
However,  by  the  end  of  6  days  there  was  no  apparent  advance  in  the 
extent  of  this  hyperplastic  change.  By  the  10th  day  of  life  there  was 
a  marked  hyperplasia  accompanied  by  enlargement  and  engorgement 
of  the  thyroid  gland.  ^ 

Effect  of  occasional  large  doses.  Newborn  rats  given  large  doses  of 
thiouracil  once  a  week  (5  mg.  per  dose,  increasing  to  10  mg.  at  2 
weeks  of  age  and  25  mg.  at  3  weeks)  showed  no  change  in  growth  rate 
or  general  development.  As  these  animals  received  a  total  dose  of 
thiouracil  approximately  that  of  the  animals  which  were  injected 
daily,  it  is  apparent  that  toxicity  is  not  a  major  factor  in  the  stunting 
and  retardation  noted  above.  It  has  been  observed  also  that  if  animals 
which  have  been  stunted  by  prolonged  treatment  are  accidentally 
without  thiouracil  for  a  day  {i.e.,  if  the  drinking  water,  containing 
the  drug,  is  exhausted)  they  will  show  a  subsequent  gain  in  weight. 

It  is  evident  that  small  daily  doses  are  essential  for  the  production  / 
and  maintenance  of  hypothyroidism. 

Effect  of  thyroxin.  Four  litters  of  animals  were  injected  with  thio¬ 
uracil,  beginning  on  the  day  of  birth.  Two  of  the  litters  were  also 
given  2  Mg-  of  thyroxin  every  other  day.  Of  a  total  of  14  young  receiv¬ 
ing  this  dose  of  thyroxin,  only  2  lived  more  than  5  days.  As  it  seemed 
probable  that  death  was  due  to  toxic  doses  of  thyroxin,  the  dosage  for 
these  2  surviving  rats  was  then  reduced  to  1  Mg-  every  other  day,  in¬ 
creased  to  5  Mg-  every  other  day  at  the  age  of  40  days,  and  to  10  Mg- 
every  other  day  at  60  days  of  age.  Of  5  control  animals  receiving  thio¬ 
uracil  alone,  only  2  lived  more  than  14  days.  These  2  animals  w'ere 
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markedly  retarded,  while  those  receiving  thyroxin  grew  almost  nor¬ 
mally  (fig.  7).  Two  animals  of  another  thiouracil-treated  litter  were 
injected  with  1  ng.  of  thyroxin  every  other  day,  beginning  at  the  age 
of  7  days.  Increases  in  dosage  were  made  as  in  the  experiment  above. 
The  other  two  animals  in  the  litter  continued  to  receive  only  thioura- 
cil.  The  growth  rate  of  these  is  shown  in  figure  8. 

The  general  appearance  of  the  thyroxin-treated  animals  was  nor¬ 
mal  (t.e.,  shape  of  head,  adult  coat,  muscular  coordination  and  move¬ 
ments),  indicating  that  the  retardation  of  growth  and  development 
of  the  thiouracil-treated  animals  was  largely  due  to  thyroid  hormone 
deficiency.  The  slightly  subnormal  growth  rate  of  the  animals  which 
received  both  thiouracil  and  thyroxin  is  probably  attributable  to  pos¬ 
sible  non-specific  toxic  effects  of  thiouracil,  repeated  injections  and 
the  inexact  estimate  of  the  daily  thyroxin  requirement.  ^ 

Effect  on  hemoglobin.  Since  anemia  is  often  found  in  human  cases 
of  thyroid  deficiency,  it  was  thought  of  interest  to  determine  the  he¬ 
moglobin  levels  of  rats  which  had  been  receiving  thiouracil.  Deter¬ 
minations  were  made  by  the  alkaline  hematin  method  on  blood  ob¬ 
tained  from  the  tip  of  the  tail  using  a  Klett-Summerson  photoelectric 
colorimeter.  The  hemoglobin  concentration  of  11  normal  rats  was 
found  to  be  16.2  +  0.3  gm.  per  100  cc.  of  blood,  while  that  of  27  ani¬ 
mals  treated  for  59  to  84  days  with  thiouracil  was  14.1  +  0.3  gm.  This 
is  a  slight  but  statistically  significant  difference.  The  lowest  value  w  as 
9.6  gm.  per  100  cc.  in  an  animal  treated  for  59  days.  Only  one  instance 
of  severe  anemia  was  encountered.  An  albino  male,  thyro-parathy- 
roidectomized  at  birth,  w  as  observed  to  be  markedly  anemic,  and  on 
the  79th  day  of  life  the  hemoglobin  level  was  3.8  gm.  per  100  cc. 
Dietary  supplements  of  vitamin  D  and  a  vitamin  concentrate  pre¬ 
pared  from  liver  were  given  and  in  20  days  the  hemoglobin  had 
risen  to  9.3  gm. 

V  DISCUSSION 

'  ^  A  condition  similar  to  the  cretinism  produced  by  thyroidectomy 
at  birth  can  be  obtained  by  the  administration  of  thiouracil  to  rats 
beginning  on  the  first  day  of  life.  The  use  of  this  drug  has  the  ad¬ 
vantage  of  leaving  intact  the  parathyroid  mechanism  which  is  in¬ 
evitably  disturbed  during  thyroidectomy  in  this  species  because  of 
the  proximity  of  the  two  glands.  Likewise,  injury  to  the  recurrent 
laryngeal  nerve,  with  the  attendant  nerve  paralysis  and  asphyxia  is 
avoided.  The  disadvantages  of  this  method  lie  in  the  frequent  han¬ 
dling  necessary,  the  possible  toxic  effects  of  the  drug,  the  trauma 
incident  to  daily  subcutaneous  injections,  and  the  necessity  for  con¬ 
stant  and  continuous  treatment. 

The  cause  of  the  high  mortality  between  25  and  30  days  of  age  is 
not  yet  clear.  It  was  expected  that  withdrawal  of  the  drug  from  the 
animals  with  extreme  retardation  of  development  w  ould  initiate  their 
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recovery.  With  the  exception  of  one  rat,  however,  they  showed  no 
improvement.  Older  rats,  when  thiouracil  is  discontinued,  will  rapidly 
approach  normal  in  size  and  general  appearance.  It  seems  probable, 
therefore,  that  continuous  treatment  from  birth  produces  irreversible 
changes  which  are  incompatible  with  survival. 

It  is  apparent  from  the  data  given  above  that  individual  animals 
vary  widely  in  their  response  to  continued  thiouracil  administration. 
For  example,  many  animals  showing  marked  developmental  retarda¬ 
tion  died  during  the  4th  and  5th  weeks  of  life,  and  the  surviving  ones 
exhibited  a  considerable  variation  in  the  rate  of  growth.  Although  the 
reason  for  this  has  not  been  established  with  certainty,  a  probable 
explanation  suggests  itself  in  view  of  other  observations  on  the 
mechanism  of  action  of  thiouracil  and  related  compounds. 

It  is  clear  that  while  an  effective  dose  of  thiouracil  brings  about  a 
nearly  complete  inhibition  of  thyroid  function,  this  effect  diminishes 
rapidly  when  the  drug  is  withdrawn.  If,  despite  daily  injections,  the 
concentration  of  thiouracil  in  the  tissues  and  body  fluids  chanced  to 
fall  even  temporarily  below  an  effective  level,  thyroid  hormone  could 
be  formed.  It  is  not  unreasonable,  therefore,  that  small  amounts  of 
thyroid  hormone  may  have  been  produced  from  time  to  time  in  some 
of  these  animals.  The  differences  in  growth  and  development  may 
have  been  related  to  differing  amounts  of  thyroid  hormone  made 
available  in  this  way.  Were  this  supposition  correct,  it  might  follow 
that  the  irreversible  changes  which  led  to  death  in  44  per  cent  of  the 
animals  during  the  4th  and  5th  weeks  of  life  were  due  to  a  complete 
or  very  nearly  complete  abolition  of  thyroid  hormone  production. 
If  this  is  true,  then  it  is  evident  that  the  thyroid  hormone  is  essential 
during  early  life  to  ultimate  survival  in  this  species. 

The  hyperplasia  noted  during  the  first  few  days  of  life  in  young 
animals  whose  mothers  received  thiouracil  has  not  been  fully  ex¬ 
plained.  It  might  be  supposed  that  some  thyroid  stimulation  could 
occur  in  utero  compensatory  to  the  maternal  thyroid  deficiency. 
Alternatively,  the  early  hyperplasia  may  have  resulted  from  a  pla¬ 
cental  transmission  of  thiouracil  to  the  fetus.  The  fact  that  there  was 
little  or  no  advance  in  the  hyperplasia  during  the  first  6  days  of  life 
indicates  either  that  little  thiouracil  reached  the  young  through  the 
milk  during  this  period  or  that  compensatory  mechanisms  leading  to 
hyperplasia  are  not  sufficiently  developed  at  this  age.  Animals  older 
than  10  days  show^ed  retarded  growth  and  development  and  marked 
thyroid  hyperplasia  if  thiouracil  had  been  administered  to  the  mothers. 
While  this  would  seem  to  indicate  a  mammary  transmission  of  the 
drug,  the  possibility  cannot  be  excluded  that  the  animals  acquired 
the  drug  directly  from  the  drinking  water  bottle,  the  cage  floor,  or  the 
mothers’  fur  or  excretions. 

The  data  given  above  support  the  view  that  the  thyroid  begins  to 
function  at  an  early  age  in  this  species.  They  also  show  that  the  thy- 
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roid  hormone  is  concerned  with  normal  development  at  this  time.  It 
has  been  shown  by  Kull  (1926)  that  in  the  rat  thyroid,  follicles  and 
colloid  appear  on  the  18th  or  19th  day  of  gestation,  and  the  gland 
becomes  fully  developed  on  the  day  of  birth.  Gorbman  and  Evans 
(1943)  have  demonstrated  that  the  gland  is  first  able  to  concentrate 
radio-active  iodine  on  the  18th  or  19th  day  of  gestation.  The  hyper¬ 
plasia  noted  in  one-day-old  rats  born  of  thiouracil-treated  mothers 
indicates  that  the  gland  is  capable  of  responding  to  an  added  thyro¬ 
tropic  stimulus  at  the  time  of  birth.  As  noted  above,  the  inhibition  of 
this  early  functional  activity  gives  rise  to  the  first  definite  signs  of 
thyroid  hormone  deficiency  on  about  the  6th  day  of  post-natal  life. 

SUMMARY  ^ 

//  The  continued  administration  of  thiouracil  to  rats  from  the  time 
of  birth  resulted  in  a  marked  retardation  of  growth,  arrested  develop¬ 
ment,  mild  anemia,  and  changes  similar  to  those  seen  in  cretinism. 
These  effects,  which  are  thought  to  be  brought  about  by  an  inhibition 
of  thyroid  activity,  were  not  observed  if  the  injections  were  not  made 
daily  or  if  thyroxin  was  given  concurrently.  The  young  of  thiouracil- 
treated  mothers  appeared  to  be  normal  but  showed  thyroid  hyper¬ 
plasia  as  early  as  1  day  of  age  and  retarded  development  at  10  days, 
indicating  the  possibility  of  placental  and  mammary  transmission  of 
the  drug.  The  functional  activity  of  the  thyroid  gland  appears  to  be 
essential  to  normal  development  as  early  as  the  6th  day  of  life. 
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